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(54) Image displaying system and information processing apparatus

(57) in an image displaying system (100, 110). the

distribution of functions among the image displaying

apparatus (110), the information processing apparatus

(100), and an operating system (210) controlling the

operations of the information processing apparatus

(100) are clarified, and the capability of the image dis-

playing apparatus (110) to display an image with a dis-

play attribute varying from area to area on the display

screen (1 14) of the image displaying apparatus (110) is

determined. The image displaying system (100, 110)

includes an image displaying apparatus (110) having

such a capability, and an information processing appa-
ratus (100) that can generate an image signal and
transmit the image signal to the image displaying appa-
ratus (100). The system can communicate according to

USB standards, or according to DDC standards. The
information processing apparatus transmits area-

attribute information (252) for changing a display

attribute of a specific area on the display screen t the

image displaying apparatus (110).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention :

In general, the present invention relates to an image displaying system for displaying an image signal by modifying

a display attribute of the image signal. In particular, the present invention relates to an effective technology applied to

an image displaying system for displaying an image signal, such as text data and dynamic-image data output by an
information processing apparatus, on a display screen of an image displaying apparatus, whereby the contrast of the

image signal is modified in accordance with the type of the data to be displayed.

Description of the Related Art :

In recent years, the performance of computers, and in particular, the performance of personal computers (PCs) has

exhibited rapid progress, becoming capable of handling not only static images but also dynamic images. In addition,

multimedia services such as video on demand (VOD), which allows the user to watch a desired program at any conven-

ient time; an electronic encyclopedia using a CD-ROM; and the generation of dynamic images using a DVD (digital

video (or versatile) disk) are becoming popular.

In such a multimedia service, dynamic-image data (such as a television image) may be displayed on a display

screen of an image displaying apparatus for displaying computer text and graphics. The display screen of a CRT (cath-

ode ray tube) display unit or an LCD (liquid-crystal display) unit, which is connected to a computer and used as an
image displaying apparatus for displaying an image signal output by the computer, has good precision, but in general

has its display contrast set at a low value in comparison with a television receiver.

For example, let us compare the value of the peak contrast of a television receiver with that of an image displaying

apparatus. The value of the peak contrast of a television receiver is normally at least 300 cd/m2 . On the other hand, the

value of the peak contrast of an image displaying apparatus for displaying an image based on an image signal output

by a computer is about 150 cd/m2 , a low value which is about half that of the peak contrast of a television receiver.

Such a contrast value is good in that it does not cause fatigue to the eyes of the user who spends a long period of

time on the composition of a text or work such as CAD (Computer Aided Design) by using a computer. For displaying a
dynamic image described above, however, the contrast value of the screen of the image displaying apparatus provides

an appearance inferior to a television receiver, becoming a negative factor in the image display.

In order to solve the problem described above, an image displaying apparatus has been proposed, which has an
additional switching means for manually increasing the display contrast of the entire image displaying apparatus

employed in the conventional computer over the entire display screen (for example, in a case of displaying a dynamic
image thereon).

The conventional control of display brightness, an item of adjustment like the one described above, includes adjust-

ment of contrast, adjustment of brightness, and control of the amplitudes of a variety of color image signals, such as the

red, blue, and green color signals. The adjustment of contrast, the adjustment of brightness, and the control of ampli-

tudes can all be controlled for the entire display screen. However, the control of contrast on only part of the display

screen for a dynamic-image portion or the like has not been prescribed.

In addition, window-luminance adjusting systems capable of individually adjusting the luminance of a specified win-

dow are disclosed in Japanese Patent Laid-open Nos. Sho 61-248083, Sho 63-158587, Hei 4-220691, Hei 7225575
and Hei 8-251503. In each of these window-luminance adjusting systems, however, the distribution of functions

between the image displaying apparatus and the information processing apparatus for generating an image signal is

not clarified.

SUMMARY OF THE INVENTION

When displaying a computer image as a window on the conventional image displaying apparatus, as is the general

practice with the contemporary computer, dynamic images are displayed only on some windows of the display screen

while the remaining windows are used for doing work such as composition of a text. Since the contrast of the entire dis-

play screen is controlled, even in such a case, the entire display screen becomes bright. As a result,- in a state where a
dynamic image is displayed while the user is doing work such as composition of a text, the amount of fatigue caused to

the eyes of the user may increase.

In order to solve the problems described above, the present invention provides a technology that clarifies the dis-

tribution of functions among the image displaying apparatus, the information processing apparatus, and an operating

system controlling the operations of the information processing apparatus. The present invention is capable of display-
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ing data with a display attribute varying from area to area on the display screen of the image displaying apparatus.

In an image displaying system wherein an image signal is transmitted from an information processing apparatus to

an image displaying apparatus to be displayed on the image displaying apparatus, the invention generates area-

attribute information for modifying a display attribute of a specific area on a display screen of the image displaying appa-

s ratus. The area-attribute information generated in the information processing apparatus is transmitted from the informa-

tion processing apparatus to the image displaying apparatus through a communication means. The display attribute of

the specific area on the display screen of the image displaying apparatus is modified in accordance with the area-

attribute information received by the image displaying apparatus, and the data is displayed on the display screen,

in the image displaying system described above, display attributes for special-type data, such as dynamic-image

10 data, and for a special display element, such as an active window, are prepared in advance. Area-attribute information

is generated, which comprises area information indicating a specific area on a display screen of the image displaying

apparatus in which the data is to be displayed, and information on the display attributes prepared in advance is gener-

ated.

Then, a specific-area-display-attribute changing means changes a display attribute of data to be displayed in a spe-

75 crtic area indicated by the area information of the generated area-attribute information, and the data is displayed in the

specific area of the display screen of the image displaying apparatus.

As described above, according to the image displaying system provided by the present invention, area-attribute

information is generated by the information processing apparatus for data to be displayed on the image displaying

apparatus, and the data is displayed in a specific area of the display screen of the image displaying apparatus indicated

20 by the area-attribute information by modifying a display attribute of the specific area in accordance with the area-

attribute information.

As a result, in the image displaying system, the distribution of functions among the image displaying apparatus, the

information processing apparatus, and an operating system controlling the operations of the information processing

apparatus is clarified. In addition, the image displaying system is capable of displaying data with a display attribute var-

25 ying from area to area on the display screen of the image displaying apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram schematically showing a configuration of an image displaying system implemented by a first

30 embodiment of the invention;

Fig. 2 is a diagram showing an outline of processing carried out by the image displaying system implemented by

the first embodiment;

Fig. 3 is a diagram showing a preferred implementation of an information processing apparatus provided by the first

embodiment;
35 Fig. 4 is a diagram schematically showing the configuration of the image displaying system implemented by the first

embodiment, wherein DDC controllers are employed;

Fig. 5 is a diagram showing an outline of processing carried out by the image displaying system implemented by

the first embodiment wherein DDC controllers are employed;

Fig. 6 is a diagram showing a preferred implementation of the information processing apparatus employing a DDC
40 controller as implemented by the first embodiment;

Fig. 7 is a diagram showing an example of a memory space in the first embodiment;

Fig. 8 is a diagram showing an example of processing to generate area-attribute information carried out by an appli-

cation program in the first embodiment;

Fig. 9 is a diagram schematically showing area information of a single display area in the first embodiment;

45 Fig. 10 is a diagram schematically showing area information of a plurality of display areas in the first embodiment;

Fig. 11 is a diagram schematically showing preferred area information of an area having a shape other than a rec-

tangle in the first embodiment;

Figs. 12(a) and 12(b) are diagrams schematically showing typical area information of a plurality of display areas

which overlap each other in the first embodiment;

so Fig. 13 is a diagram schematically showing graphical information of a three-dimensional display area, and display

areas each having any arbitrary shape in the first embodiment;

Fig. 1 4 is a flowchart showing a procedure of initialization processing carried out by the operating system in the first

embodiment;

Fig. 15 is a flowchart showing a procedure carried out by the application program to modify a display attribute in

55 the first embodiment;

Fig. 16 is a flowchart showing a procedure carried out in the first embodiment to change a display attribute using

attribute information stored along with dynamic-image data;

Figs. 17(a) to 17(c) are diagrams showing examples of storage media each for storing dynamic-image attribute

3
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information along with dynamic-image files in the first embodiment;

Fig. 18 is a flowchart showing a procedure of processing to modify a display attribute in the event of a specific trig-

ger in the first embodiment;

Fig. 19 is a diagram schematically showing processing to generate area-attribute information carried out by the
5 operating system in the first embodiment;

Fig. 20 is a diagram schematically showing formats of data packets of the USB interface in the first embodiment;
Fig. 21 is a diagram schematically showing formats of transmission of the image-displaying-apparatus information
in the first embodiment;

Fig. 22 is a diagram schematically showing a signal transmission format conforming to the DDC protocol used in

10 the first embodiment;

Fig. 23 is a diagram showing a preferred implementation of an image displaying apparatus provided by the first

embodiment;

Figs. 24(a) to 24(c) are diagrams schematically showing different formats of area-attribute information used in the
first embodiment;

15 Figs. 25(a) and 25(b) are timing charts each schematically showing a relation between the levels of the timing sig-

nal Key and the image signal in the first embodiment;
Fig. 26 is a diagram schematically showing the configuration of the image displaying system implemented by a sec-
ond embodiment of the invention;

Fig. 27 is a diagram showing an outline of processing carried out by the image displaying system implemented as
20 the second embodiment;

Fig. 28 is a flowchart showing a procedure of initialization processing carried out by the operating system in the
second embodiment;

Fig. 29 is a flowchart showing a procedure of processing carried out by an application program to modify a display
attribute in the second embodiment;

25 Figs. 30(a) and 30(b) are diagrams schematically showing the color-information control register, the area start-posi-

tion registers, and the area end-position registers employed in the second embodiment;
Fig. 31 is a diagram showing the internal configuration of the display controller employed in the second embodi-
ment;

Fig. 32 is a diagram showing the internal configuration of the color-information controller employed in the second
30 embodiment;

Fig. 33 is a diagram showing the internal configuration of a pallet employed in the second embodiment;
Fig. 34 is a diagram showing the internal configuration of a comparator employed in the second embodiment;
Fig. 35 is a timing chart of operations of the color-information controller employed in the second embodiment;
Fig. 36 is a diagram showing a preferred implementation of the image displaying apparatus provided by the second

35 embodiment;

Fig. 37 is a diagram schematically showing the configuration of the image displaying system implemented by a third

embodiment of the invention;

Fig. 38 is a diagram showing an outline of processing carried out by the image displaying system implemented by
the third embodiment;

40 Rg. 39 is a flowchart showing a procedure of processing carried out by an application program to modify a display
attribute in the third embodiment;
Fig. 40 is a diagram schematically showing the plane system of the layout of the data to be displayed and attribute

data stored in a display memory unit in the third embodiment;
Fig. 41 is a diagram schematically showing the packed-pixel system of the layout of the data to be displayed and

45 attribute data stored in a display memory unit in the third embodiment;
Fig. 42 is a diagram showing the internal configuration of a display controller employed by the third embodiment;
Fig. 43 is a diagram showing the internal configuration of the color-information controller employed in the third

embodiment;

Fig. 44 is an operational timing chart of the color-information controller employed in the third embodiment;
so Rg. 45 is a diagram schematically showing the configuration of an image displaying system implemented by a

fourth embodiment of the invention;

Fig. 46 is a diagram showing an outline of processing carried out by the image displaying system implemented by
the fourth embodiment;

Rg. 47 is a flowchart showing a procedure of initialization processing carried out by the operating system in the
55 fourth embodiment;

Fig. 48 is a diagram showing the internal configuration of a display controller provided by the fourth embodiment;
Rg. 49 is a diagram showing the internal configuration of the color-information controller employed in the fourth
embodiment;
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Fig. 50 is timing charts showing operations of the color-information controller employed in the fourth embodiment;

Fig. 51 is a diagram showing a preferred implementation of the image displaying apparatus provided by the fourth

embodiment;

Fig. 52 is a diagram schematically showing the configuration oi an image displaying system implemented by a fifth

s embodiment of the invention;

Fig. 53 is a diagram showing an outline of processing carried out by the image displaying system implemented by
the fifth embodiment;

Fig. 54 is a diagram showing the internal configuration of the display controller provided by the fifth embodiment;
Fig. 55 is a diagram shewing the internal configuration of the color-information controller employed in the fifth

io embodiment;

Fig. 56 is a timing chart showing operations of the color-information controller provided by the fifth embodiment;
and

Fig. 57 is a diagram showing a preferred implementation of an image displaying apparatus provided by the fifth

embodiment for transmitting image information.

15

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will become more apparent from a study of the following detailed description, with reference

to the accompanying diagrams.

20

First Embodiment

The following is a description oi an image displaying system implemented by a first embodiment of the invention.

In this first embodiment, a display attribute of a specific display area can be changed in accordance with area-attribute

25 information transmitted from an information processing apparatus to an image displaying apparatus on which the spe-

cific area is displayed.

Fig. 1 is a diagram that shows a configuration of the image displaying system implemented by the present embod-
iment. As shown in the figure, the image displaying system comprises an information processing apparatus 100 and an
image displaying apparatus 110. The information processing apparatus 100 receives information concerning the image

30 displaying apparatus 1 10 from the image displaying apparatus 1 10, and transmits an image signal and information con-
cerning area attributes to the image displaying apparatus 110. The image displaying apparatus 1 1 0 displays the image
signal on a specific area of a display screen by modifying the display attribute of the specific area on the display screen
in accordance with the area-attribute information received from the information processing apparatus.

The information processing apparatus 100 comprises a CPU 101 and a main memory unit 102. The CPU 101 is a
35 processor for carrying out total control of the information processing apparatus 1 00. More specifically, the CPU 1 0 1 con-

trols the information processing apparatus 100 by actually interpreting and executing application programs, an operat-

ing system, and a group of programs such as a USB (Universal Serial Bus) device driver and an image displaying

device driver, which are loaded into the main memory unit 102.

In addition, the information processing apparatus 100 also includes an HDD (Hard Disk Drive) 103, which is a stor-

40 age device for storing software such as the application programs, the operating system, a GUI (Graphical User Inter-

face) program, an API (Application Program Interface) program, the USB device driver and the image displaying device

driver. The information processing apparatus 100 is also provided with a DVD 104, which is another storage device for

storing text data and display data of static and dynamic images to be displayed on the image displaying apparatus 1 1 0.

Further, the information processing apparatus 100 also has a display controller 105 and a display memory unit 106.

45 The display controller 105 controls write operations for writing data to be displayed on the image displaying apparatus

110 into the display memory unit 106, and controls read operations for reading out the data from the display memory
unit 106 as an image signal to be transmitted to the image displaying apparatus 110.

Finally, the information processing apparatus 100 of the present embodiment is also provided with a USB controller

107, which is a communication means for transmitting an inquiry signal to the image displaying apparatus 110 and
so receiving a report signal, a response to the inquiry signal, from the image displaying apparatus 1 1 0. The inquiry signal

is used for making an inquiry about the ability of the image displaying apparatus 110 to display an image on a specific

area on the screen thereof by changing a display attribute of the specific area in accordance with USB standards. In

other words, the inquiry signal asks whether the image displaying apparatus 110 can accommodate multiple images at

once, one of which has a changing display attribute that modifies the actual display of the image in a specific area of

55 the display screen while the other image or images on the display screen are not so modified. The USB controller 107
is also used for supplying the image displaying apparatus 1 10 with the information on area attributes for changing the

display attribute of the specific area on the display screen of the image displaying apparatus 110.

On the other hand, the image displaying apparatus 1 10 comprises a CPU 1 1 1 and a ROM unit 1 12. The CPU 1 1

1
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is a processor for controlling the image displaying apparatus 1 10 as a whole by interpretation and execution of a control

program stored in a storage area of the ROM 1 12. It should be noted that the control program itself is not shown in the

figure.

The ROM 112 employed in the image displaying apparatus 1 1 0 stores information in the image displaying appara-

5 tus 110. Such information indicates whether or not the image displaying apparatus 110 has a specrfic-area-display-

attribute changing means 113, that is, whether or not the image displaying apparatus 110 has the capability of display-

ing an image on a specific area on the screen thereof by changing a display attribute of the specific area. The specrfic-

area-display-attribute changing means 113 changes the display attribute of a specific area on an image displaying

device 114 employed in the image displaying apparatus 110.

io In addition, the image displaying apparatus 1 1 0 also employs a USB controller 1 1 5, which serves as a counterpart

of the USB controller 107 employed in the information processing apparatus 100. More specifically, the USB controller

1 15 receives an inquiry signal from the information processing apparatus 100 and transmits a report signal, in response

to the inquiry signal, to the information processing apparatus 100. The inquiry signal is used for making an inquiry about

the ability of the image displaying apparatus 1 1 0 to display an image on a specific area on the screen thereof by chang-
15 ing a display attribute of the specific area in accordance with USB standards.

Fig. 2 is a diagram showing an outline of processing carried out by the image displaying system implemented by

the present embodiment. As shown in the figure, the image displaying system has an application program 200, an oper-

ating system 210, a USB device driver 230, and an image displaying device driver 240 in the information processing

apparatus 100, in addition to image-displaying-apparatus information 260 in the image displaying apparatus 110.

20 The application program 200 in the information processing apparatus 100 comprises a GUI, which includes a por-

tion that is visible to the operator who operates the information processing apparatus 100, and which also serves as an

interface with the operating system 210.

The operating system 210 in the information processing apparatus 100 is a basic program serving as the nucleus

of the image displaying system. More specifically, the operating system 210 connects the application program 200 with

25 program members that directly control hardware, such as the USB device driver 230 and the image displaying device

driver 240.

The image displaying device driver 240 in the information processing apparatus 100 is positioned between the

operating system 2 1 0 and hardware members such as the device controller 1 05 and the display memory unit 1 06. More
specifically, the image displaying device driver 240 is a program which implements a draw instruction issued by the

30 operating system 21 0 by reading out and writing information from and into internal registers of the display controller 105
and the display memory unit 106. It should be noted that the internal registers themselves are not shown in the figure.

The application program 200 in the information processing apparatus 100 is provided with an area-attribute-infor-

mation generating means 201. When there is detected a need to change a display attribute of a specific area on the

display screen of the image displaying apparatus 1 10, area-attribute information 250 for changing the display attribute

35 of the specific area on the display screen of the image displaying apparatus 1 1 0 is generated in the application program
200 and passed to the operating system 210 by the area-attribute-information generating means 201

.

The operating system 210 in the information processing apparatus 100 comprises a display-attribute-change con-

trol means 211, an area-attribute-information generating means 212, and an area-attribute-information acquiring

means 213. The display-attribute-change control means 21 1 controls the entire display-attribute-change processing of

40 the information processing apparatus 1 00 by making an inquiry about an ability of the image displaying apparatus 1 1

0

to display an image on a specific area on the display screen thereof by changing a display attribute of the specific area

and receiving a response to the inquiry. The area-attribute-infbrmation generating means 212 generates area-attribute

information 251 in the operating system 210 when there is detected a need to change a display attribute of a specific

area on the display screen of the image displaying apparatus 110. The area-attribute-information acquiring means 213
45 acquires the area-attribute information 250 generated by the area-attribute-information generating means 201 of the

application program 200.

In addition, the USB device driver 230 and the image displaying device driver 240 are included in the operating sys-

tem 210. The USB device driver 230 converts the area-attribute information 251 and image-displaying-apparatus infor-

mation 262 into USB data packets and vice versa in accordance with USB standards, and exchanges area-attribute

so information 252 and image-displaying-apparatus information 261 between the information processing apparatus 100

and the image displaying apparatus 1 10. The image displaying device driver 240 stores data to be displayed in the dis-

play-memory unit 1 06.

The USB controller 107 is controlled by the USB device driver 230 so that an inquiry about an ability of the image
displaying apparatus 1 10 to display an image on a specific area on the display screen thereof by changing a display

55 attribute of the specific area is transmitted from the USB controller 107 to the image displaying apparatus 110. The
report indicating such a capability in response to the inquiry is received by the USB controller 107. Controlled by the

USB device driver 230, the USB controller 1 07 also carries out processing to transmit the area-attribute information 251

passed from the display-attribute-change control means 21 1

.
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Receiving the area-attribute information 251 passed from the display-attribute-change control means 21 1 , the USB
device driver 230 assembles a packet comprising the contents of the area-attribute information 251 in a format match-

ing a USB protocol, and transfers the packet to the USB controller 107. The USB controller 107 converts the packet

transferred thereto into an electrical signal, transmitting the signal conveying the information to the image displaying

5 apparatus 1 1 0 connected to the USB controller 1 07.

The USB controller 115 employed in the image displaying apparatus 110 connected to the USB controller 107

receives the packet destined therefor, extracting area information and attribute information from the area-attribute infor-

mation 252. The display attribute of a specific area on the display screen of the image displaying apparatus 1 10 is then

changed by a specific-area-display-attribute changing means 1 13.

10 Fig. 3 is a diagram showing a preferred implementation of the information processing apparatus 100 provided by
the present embodiment. As shown in the figure, in the information processing apparatus 100, a CPU 1 01 , a secondary
cache memory unit 305, and a memory controller 302 for controlling access to the main memory unit 102 are connected

to a host bus 301 , including control line 1, address line 2, and data line 3. A bus controller 307 for controlling access to

the HDD 103 and the DVD 104, the display controller 105, and the USB controller 107 are connected to a system bus
75 306. Finally, a system ROM 312 and an I/O controller 318 are connected to an I/O bus 310.

The memory controller 302 controls the secondary cache memory unit 305 via cache control line 4, tag control line

5, and tag address line 6. The memory controller 302 further controls access to the main memory unit 102 through a
memory bus 303, over which addresses are transmitted on address line 7, control signals on control line 8, and data on

data line 9, and also controls connection between the host bus 301 and the system bus 306. The bus controller 307
20 controls connection between the system bus 306 and the I/O bus 310. and also controls the HDD 1 03 and the DVD 1 04.

The system bus 306 is a bus to which high-speed devices and high-speed controllers are connected via control line

10 and address/data line 11 thereof. In the implementation shown in Fig. 3, the system bus 306 is implemented by a
PCI (Peripheral Component Interface) bus, wherein data and an address are multiplexed. It should be noted that the

system bus 306 can also be implemented by a bus wherein the address and data buses are separated from each other

25 as is the case with the host bus 301 . Low/medium-speed devices and low/medium-speed controllers are connected

from the system bus 306 to the I/O bus 310 through the bus controller 307.

Connected to the system bus 306, the display controller 105 controls write operations for writing display data from

the CPU 101 into the display memory unit 106, and display operations for displaying the display data stored in the dis-

play memory unit 106 on a CRT display unit 322 or a liquid-crystal display unit 323, either of which serves as the image
30 displaying apparatus 110.

Connected to the USB controller 107 are a USB-oriented keyboard 313, a mouse 314, a serial port 316, a parallel

port 317, and the CRT display unit 322 or the liquid-crystal display unit 323.

Like the display controller 105, the USB controller 107 is connected to the system bus 306 in the information

processing apparatus 100 as shown in Fig. 3. The USB controller 107 is used for controlling output units and input units

35 such as the keyboard 313 and the mouse 314. In the image displaying system implemented by the present embodi-

ment, the output unit controlled by the USB controller 107 is the CRT display unit 322 or the liquid-crystal display unit

323.

A packet assembled by the USB bus driver 230 to contain the contents of-the area-attribute information 251 is

transferred from the CPU 101 to the system bus 306 by way of the memory controller 302 before being supplied to the

40 USB controller 107. The packet received by the USB controller 107 is then output to the CRT display unit 322 or the

liquid-crystal display unit 323.

It should be noted that the display controller 105 and the USB controller 107 can be connected to one image dis-

playing apparatus 1 10 or to a plurality of image displaying apparatus, which are implemented by CRT display units 322

and/or liquid-crystal display units 323.

45 The system ROM 312 connected to the I/O bus 310 is used for storing software and data such as an IPL (Initial

Program Loader) executed at power-on, a BIOS (Basic Input/Output System), a display control program, and display

fonts. The I/O controller 318 controls access to an FDD 319.

The communication means for exchanging the area-attribute information 252 and the image-displaying-apparatus

information 261 between the information processing apparatus 100 and the image displaying apparatus 110 can be
so implemented by a non-USB device such as a DDC (Display Data Channel, a trademark) controller.

Fig. 4 is a diagram showing the configuration of an image displaying system implemented by the present embodi-

ment, wherein DDC controllers are employed. As shown in the figure, a DDC controller 401 is provided in the informa-

tion processing apparatus 100 for receiving image-displaying-apparatus information from the image displaying

apparatus 1 10. and for transmitting an image signal and area-attribute information to the image displaying apparatus

55 110. A DDC controller 411 is provided in the image displaying apparatus 110 for receiving the image signal and the

area-attribute information from the information processing apparatus 100, and for displaying an image on a specific

area on the display screen of the image displaying apparatus 1 10 by changing a display attribute of the specific area.

TheCPU 101 employed in the information processing apparatus 100 is a processor for controlling the entire infor-

7
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mation processing apparatus 100. More specifically, the CPU 101 controls the information processing apparatus 100

as a whole by actually interpreting and executing an application program 200, an operating system 210, and a group of

programs such as a DDC device driver and an image displaying device driver 240 which are loaded into the main mem-
ory unit 102.

s In addition, the information processing apparatus 100 also includes an HDD 103 for storing software such as the

application program 200, the operating system 210, a GUI program, an API program, the DDC device driver, and the

image displaying device driver 240. The information processing apparatus 1 00 is also provided with a DVD 104 for stor-

ing text as well as display data of static and dynamic images to be displayed on the image displaying apparatus 110.

Further, the information processing apparatus 100 has a display controller 105 and a display memory unit 106. The

w display controller 1 05 controls write operations for writing data to be displayed on the image displaying apparatus 1 1

0

into the display memory unit 106, and controls read operations for reading out the data from the display memory unit

1 06 as an image signal to be transmitted to the image displaying apparatus 110.

The DDC controller 401 transmits an inquiry signal to the image displaying apparatus 110 and receives a report

signal, in response to the inquiry signal, from the image displaying apparatus 110. The inquiry signal is used for making

75 an inquiry about the ability of the image displaying apparatus 1 10 to display an image on a specific area on the screen

thereof by changing a display attribute of the specific area in accordance with DDC standards. The DDC controller 401

is also used for supplying the image displaying apparatus 1 10 with information on area attributes for changing a display

attribute of a specific area on the display screen of the image displaying apparatus 110.

On the other hand, the image displaying apparatus 110 comprises a CPU 111 and a ROM unit 112. The CPU 111

20 is a processor for controlling the image displaying apparatus 1 1 0 as a whole by interpretation and execution of a control

program stored in a storage area of the ROM unit 1 12. It should be noted that the control program itself is not shown in

the figure.

The ROM unit 1 12 employed in the image displaying apparatus 110 is a recording medium for storing information

on the image displaying apparatus 110. Such information indicates whether or not the image displaying apparatus 110

25 has a specific-area-display-attribute changing means 113, that is, indicates whether or not the image displaying appa-

ratus 110 has a capability of displaying an image on a specific area on the screen thereof by changing a display attribute

of the specific area. The specific-area-display-attribute changing means 1 1 3 is a means for changing a display attribute

of a specific area on an image displaying device 114 employed in the image displaying apparatus 110.

In addition, the image displaying apparatus 110 also employs a DDC controller 41 1 , a communication means serv-

so ing as a counterpart of the DDC controller 401 employed in the information processing apparatus 1 00. More specifically,

the DDC controller 41 1 receives an inquiry signal from the information processing apparatus 100 and transmits a report

signal, a response to the inquiry signal, to the information processing apparatus 100. The inquiry signal is used for mak-

ing an inquiry about the ability of the image displaying apparatus 110 to display an image on a specific area on the

screen thereof by changing a display attribute of the specific area in accordance with DDC standards.

35 In the interface which conforms to the DDC standards, bi-directional data and clock lines are used. A source that

transmits data carries out a multi-master operation to generate a clock signal. In addition, in the DDC interface, the data

and clock lines are implemented by wires in the same cable as an image-signal line between the information processing

apparatus 100 and the image displaying apparatus 110.

Fig. 5 is a diagram showing an outline of processing carried out by the image displaying system implemented by

40 the present embodiment, in which DDC controllers are employed. As shown in the figure, the image displaying system

has an application program 200, an operating system 210, a DDC device driver 501, and an image displaying device

driver 240 in the information processing apparatus 100.

The application program 200 in the information processing apparatus 100 comprises a GUI, which includes a por-

tion that is visible to the operator who operates the information processing apparatus 100, and which also serves as an

45 interface with the operating system 210.

The operating system 210 in the information processing apparatus 100 is a basic program serving as the nucleus

of the image displaying system. More specifically, the operating system 210 connects the application program 200 with

program members that directly control hardware, such as the DDC device driver 501 and the image displaying device

driver 240.

so The image displaying device driver 240 in the information processing apparatus 100 is positioned between the

operating system 210 and hardware members such as the device controller 105 and the display memory unit 106. More

specifically, the image displaying device driver 240 is a program which implements a draw instruction issued by the

operating system 21 0 by reading out and writing information from and into internal registers of the display controller 105

and the display memory unit 106. It should be noted that the internal registers themselves are not shown in the figure.

55 The operating system 210 converts the DDC-signal transmission format of the area-attribute information 251 to that

of the image-displaying-apparatus information 260 and vice versa in accordance with DDC standards. The operating

system 210 is provided with the DDC device driver 501 for transmitting area-attribute information 252 from the informa-

tion processing apparatus 100 to the image displaying apparatus 1 10 and image-displaying-apparatus information 261

8
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from the image displaying apparatus 110 to the information processing apparatus 100.

The DDC controller 401 is controlled by the DDC device driver 501 to transmit an inquiry to the image displaying

apparatus 1 1 0 about an ability of the image displaying apparatus 1 10 to display an image on a specific area on the dis-

play screen thereof by changing a display attribute of the specific area. In response to the inquiry, the DDC controller

s 401 receives a report from the image displaying apparatus 110 indicating the capability of the image displaying appa-
ratus 1 10 to display such an image on a specific area on its display screen. Controlled by the DDC device driver 501

,

the DDC controller 401 also carries out processing to transmit the area-attribute information 251 passed from a display-

attribute-change control means 211.

After receiving the area-attribute information 251 passed from the display-attribute-change control means 211, the

10 DDC device driver 501 assembles data comprising the contents of the area-attribute information 251 in a format match-
ing a DDC protocol and transfers the data to the DDC controller 401 . The DDC controller 401 converts the data trans-

ferred thereto into an electrical signal, and transmits the signal conveying the information to the image displaying

apparatus 1 10 connected to the DDC controller 401.

The image displaying apparatus 110 receives the data from the DDC controller 401 , and extracts area information

75 and attribute information from the area-attribute information 252. The display attribute of the specific area is then

changed by a specific-area-display-attribute changing means 113.

Fig. 6 is a diagram showing a preferred embodiment of the information processing apparatus 100 employing a DDC
controller as implemented by the present embodiment. As shown in the figure, the information processing apparatus

100 employs a DDC controller 401 connected to a system bus 306. Connected to the DDC controller 401 are a DDC
20 oriented keyboard 313, a mouse 314, a serial port 316, a parallel port 317 and the CRT display unit 322 or the liquid-

crystal display unit 323.

Like the display controller 105, the DDC controller 401 is connected to the system bus 306 in the information

processing apparatus 1 00 as shown in Fig. 6. The DDC controller 401 is used for controlling output units and input units

such as the keyboard 313 and the mouse 314. In the image displaying system implemented by the present embodi-
es ment, the output unit controlled by the DDC controller 401 is the CRT display unit 322 or the liquid-crystal display unit

323, either of which may serve as the image displaying apparatus 1 10.

A packet assembled by the DDC device driver 501 to comprise the contents of the area-attribute information 251 is

transferred from the CPU 101 to the system bus 306 by way of the memory controller 302 before being supplied to the

DDC controller 401. The packet received by the DDC controller 401 is then output to the CRT display unit 322 or the

30 liquid-crystal display unit 323.

As described above, in the image displaying system implemented by the present embodiment, the communication
means for exchanging the area-attribute information 252 and the image-displaying-apparatus information 261 between
the information processing apparatus 100 and the image displaying apparatus 1 10 can be implemented by a non-USB
device such as a DDC controller. In the following description, mainly, cases in which a USB device is employed are

35 explained.

A BIOS program stored in a system ROM 312, as well as software such as the operating system 210, the GUI pro-

gram, the API program, the USB device driver 230, and the image displaying device driver 240 stored in the HDD 103,

are loaded into the main memory unit 102 at power on, remaining in the main memory unit 102 as resident programs
thereafter.

40 Fig. 7 is a diagram showing an example of a memory space in the present embodiment. As shown in the figure, a
memory space from OOOOOH to 9FFFFH is allocated to the main memory unit 102 and a memory space from
COOOOH to EFFFFH is extended space allocated as a specific memory (for example, a display control program area
in the system ROM 312) and to the main memory unit 102 etc. A memory space FOOOOH to FFFFFH is a system
memory space allocated to a BIOS area in the system ROM 312.

45 The lowest 1M memory space in the 4G memory space is allocated as an image space that includes the main
memory space from OOOOOH to 9FFFFH and the system memory space from FOOOOH to FFFFFH described above.

A memory space from AOOOOH to BFFFFH is a display memory space allocated to the display memory unit 106.

The following is description of the area-attribute information 250 which is generated by the application program 200
or the operating system 210 of the image displaying system when a display attribute of a specific area is changed.

so When the information processing apparatus operates to display data with attribute information set in advance, the

area-attribute-information generating means 201 or the area-attribute-information generating means 212 generates

area-attribute information 250, which is used for modifying a display attribute of the specific area in which the data is to

be displayed.

The area-attribute information 250 generated by the area-attribute-information generating means 201 or the area-

55 attribute-information generating means 212 comprises area information specifying the location of the specific area for

displaying the data, and attribute information specifying a display attribute at which the data is to be displayed. The
attribute information of the area-attribute information 250 includes the contrast, the brightness, the chromaticity and the

y characteristic. The attribute information is set for each type of data to be displayed and for each specific unit such as

9
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a display element.

For example, the data types for which the attribute information is set include text data, static-image data, and

dynamic-image data. As an alternative, attribute information may also be set for each display element, such as a win-

dow, a box, a cursor, a button, and an icon. As another alternative, attribute information may also be set for an arbitrary

5 unit specified by the user, such as a string of specific characters, a graphic, or a portion or a specific display area of a

display element.

In addition, the attribute information of the area-attribute information 250 is set in advance as a run-time parameter

of the application program 200 for displaying specific data, such as dynamic-image data. As an alternative, the attribute

information can also be set typically for each window in a database to be referenced by the operating system 210 which

10 displays a screen element, such as a window for a dynamic image.

Further, the attribute information can also be set for a specific state oi data to be displayed, such as an active-win-

dow state resulting from connection of an input/output unit to a specific window, or a state resulting after the lapse of a

specific period of time since the last input operation.

In the event of a need to modify a display attribute of a specific area on the display screen, accompanying specific

15 processing for data to be displayed with attribute information set in advance as described above, the area-attribute -

information generating means 201 or the area-attribute-information generating means 212 generates area-attribute

information 250, which is used for modifying the display attribute of the specific area in which the data is to be displayed.

A display attribute of a specific area on a display screen of the image displaying apparatus 110 needs to be modi-

fied in the event of the start or the end of processing to display data with attribute information set as described above,

20 in the event of an operation to move or copy an area with a modified display attribute for displaying data with attribute

information set as described above, in the event of an operation to enlarge or shrink such an area with a modified dis-

play attribute, in the event of a change in overlapping state occurring in such an area with a modified display attribute,

and in the event of execution of an operation to generate a state of a modified display attribute, by way of nonlimiting

example.

25 The area-attribute-information generating means 201 of the application program 200 generates area-attribute infor-

mation 250 in the event of any of the aforementioned occurrences happening to data to be displayed under the control

of the application program 200.

Fig. 8 is a diagram showing an example of processing that is performed by the application program 200 to generate

area-attribute information, according to the present embodiment. As shown in the figure, the application program 200

30 generates a text display 81 1 and a dynamic-image display 812 which has a higher contrast than that of the text display

81 1 , on a display window 810 of the application program 200.

.

In order to display dynamic-image data having a high contrast on the text display 81 1 , the area-attribute-information

generating means 201 of the application program 200 generates area-attribute information 250 comprising area infor-

mation indicating the location of a display area on which the dynamic-image data is to appear, and attribute information

35 indicating the contrast of the dynamic-image data.

Preferably, the area-attribute-information generating means 201 first acquires attribute information indicating the

contrast value used in displaying the dynamic-image data by referencing a parameter set in advance in the application

program 200.

Then, the area-attribute-information generating means 201 acquires the area information of the dynamic-image

40 display 81 2 on which the dynamic-image data is to be displayed. Even though it is possible to provide the display area

for displaying the dynamic-image data from another source, in this example, the application program 200 itself sets the

display area and displays the dynamic-image data in the display area. Thus, a display area set in advance is acquired

as area information, a display attribute of which is to be modified.

The application program 200 then transfers the area-attribute information 250 to the image displaying apparatus

45 1 10 through the operating system 210. The specific-area-display-attribute changing means 113 of the image displaying

apparatus 1 1 0 sets the display attribute of the dynamic-image display 81 2 at a high contrast and displays the dynamic-

image data.

The following is description of some possible expression formats for the area information of the area-attribute infor-

mation 250 generated as described above.

so Fig. 9 is a diagram that shows typical area information of a single display area in the present embodiment. As

shown in the figure, the area information of a single display area illustrates a relation between a window A, displayed

on the image displaying apparatus 1 1 0 by changing a display attribute of the window A, and input synchronization sig-

nals. In general, in an image signal output by the information processing apparatus 100, an image display is started at

a point lagging the trailing edges of a horizontal synchronization-signal pulse and a vertical synchronization-signal

55 pulse by predetermined periods of time known as back-porch periods. In the case of the example shown in the figure,

the start point lags the trailing edges of a horizontal synchronization-signal pulse and a vertical synchronization-signal

pulse by periods THFP and TVFR respectively. The display periods, that is. THD and TVD shown in the figure, are

determined by the display resolution.

10
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In the case of an image signal conforming to VGA (Video Graphic Adapter) standards, for example, the horizontal

width is 640 dots and the vertical height is 480 lines. Therefore, the maximum values on the coordinate axes (X, Y) of

the display screen shown in Fig. 9 are (640 dots, 480 lines), where one dot is the period of the clock signal (that is, the

so-called "dot clock"), used in the information processing apparatus 100 for generating the image signal.

5 It is thus clear from the above description that, in order to obtain accurate information on the start position (xO, yO)

and the end position (x1 . y 1 ) of the rectangular window A in the image displaying apparatus 1 1 0, it is necessary for the

information processing apparatus 100 to transfer at least information on the horizontal and vertical back-porch periods,

information on the display resolution, the frequency of the period of the dot clock, and coordinates of the start and end
positions of the window, to the image displaying apparatus 110.

io So far, transmission of absolute area information of the rectangular window A has been described. Similarly, the

position of the window A can also be specified by the start position (xO, y0), the number of dots in the window period in

the horizontal direction, and the number of lines in the window period in the vertical direction.

As another alternative, the area information of the window can also be specified by taking the intersection of lines

passing through the trailing edges of the horizontal synchronization-signal pulse and the vertical synchronization-signal

is pulse as a reference origin (0, 0) of a two-dimensional X-Y coordinate system. Then, the start position of the window A
can be expressed in terms of dots and lines from the origin (0, 0) to the start position. Other information can then be
specified in the same way.

Instead of expressing information in terms of dots and lines as described above, ratios with respect to one horizon-

tal scanning period and one vertical scanning period can also be used. For example, the width of the window can be
20 expressed by a range from a start position corresponding to x1% of one horizontal scanning period to an end point cor-

responding to x2% of one horizontal scanning period, with the trailing period of the horizontal synchronization-signal

pulse taken as a reference. Similarly, the height of the window can be expressed by a range from a start position corre-

sponding to y1% of one vertical scanning period to an end point corresponding to y2% of one vertical scanning period,

with the trailing period of the vertical synchronization-signal pulse taken as a reference. By expressing area information

25 on the window in terms of ratios with respect to one horizontal scanning period and one vertical scanning period, it

becomes no longer necessary in particular to know information on the frequency or the period of the dot clock in the

image displaying apparatus 110.

Fig. 9 is a diagram showing window-area information used for locating a single display area, a display attribute of

which is to be modified. It should be noted, however, that display attributes of a plurality of windows can also be modi-
30 tied.

Fig. 10 is a diagram showing typical area information of a plurality of display areas in the present embodiment. As
shown in the figure, the area information of a plurality of display areas is used to illustrate an example of changing the

display attributes of windows A and B which do not overlap each other. In this case, by transfer-ring area information of

the window B to the image displaying apparatus 1 10 in addition to the area information of the window A shown in Fig.

35 9, display attributes of both display areas can be modified.

In this way, with regard to area information of a plurality of windows which do not overlap each other in the image
displaying system implemented by the present embodiment, area information of the additional windows is just pre-

scribed. To be more specific, by merely providing the image displaying apparatus 110 with as many pieces of area infor-

mation as there are windows that require a change in display attribute, display attributes of a plurality of windows can
40 be modified.

Fig. 11 is a diagram showing typical area information of an area having a shape other than a rectangle in the

present embodiment. As shown in the figure, the area information of an area having a shape other than a rectangle is

used to illustrate how to prescribe area information when changing the display attribute of a window area having a such
a shape. The area information in this case is described as follows.

45 First, information on salient points of the polygonal area like a window B is prescribed. More specifically, coordi-

nates of the n salient points of an n-angle polygon are prescribed. That is to say, in the case of the window B shown in

the figure, the information on the salient points of the polygonal area is constituted by coordinates (x1, y1), (x2, y2), —
. (xm, ym), for m points.

In the case of an ellipse or an elliptical area like a window C, information on the coordinates of its center (xO, yO),

so the horizontal-direction radius xc, and the vertical-direction radius yc is prescribed. In addition, shape information which

indicates what shape the area information is associated with is also prescribed prior to the prescription of the area infor-

mation.

Fig. 12 is a diagram that shows typical area information of a plurality of display areas which overlap each other in

the present embodiment. As shown in the figure, the area information of a plurality of display areas is used to illustrate

55 how to change the display attributes of a plurality of windows which overlap each other. As will be described later, it is

possible to change the display attributes of a plurality of windows which overlap each other.

Fig. 12(a) is a diagram showing a case in which a window B is displayed at a position closer to the viewer than a
window A. Fig. 12(b) is a diagram showing a case in which a portion of the window B is concealed behind the window

11
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A. For the sake of simplifying the explanation, the following describes a problem of how to properly display the window

B on a screen with a display attribute thereof changed to one different from that of the corresponding display attribute

of the window A, which is assumed to be a window with ordinary display attributes.

In the case of the windows A and B shown in Fig. 1 2(a), the processing described earlier for the rectangular window

5 can be applied since the entire information of the window B is visible. In the case of the windows A and B shown in Fig.

1 2(b), on the other hand, the window B can be displayed properly by treating information on the display area of the win-

dow B as information on a polygonal shape (Fig. 1 1) or by dividing the display area of the window B into a plurality of

rectangular shapes.

When prescribing the area information as polygonal information, coordinate information of each of the black circles

w shown in Fig. 12(b) is generated. When prescribing the area information as information on a plurality of rectangular win-

dows, on the other hand, area information is generated by dividing the visible display area of the window B typically into

an upper rectangular window sub-area and a lower rectangular window sub-area as shown in Fig. 12(b). It should be

noted that such division is no more than an example. The visible display area of the window B can be divided in other

ways.

75 If the window A shown in Fig. 12(a) is also a window with a display attribute thereof to be changed as is the case

with the window B, the window A can be displayed properly by prescribing information on the display area of the window

A as a partially concealed area in the same way as the window B shown in Fig. 12(b) is treated. As an alternative to the

techniques to treat a display area as a partially concealed area, information on a relation between a concealed sub-area

and a concealing sub-area on the display screen of the image displaying apparatus 1 10 can further be added to the

20 area information of each window, to form three-dimensional area information for each window. That is to say, Z-axis

information in a direction perpendicular to the two-dimensional X-Y coordinate system of the area information described

so far is added to make area information of each window three dimensional.

When three-dimensional area information is received by the image displaying apparatus 110, the specific-area-dis-

play-attribute changing means 113 employed in the image displaying apparatus 110 identifies a relation among con-

25 cealed and concealing windows, changing the display attribute of the area of the window at the uppermost layer.

The following is a description of various kinds of information transferred from the information processing apparatus

100 to the image displaying apparatus 1 10 in the image displaying system implemented by the present embodiment.

30 Table 1

Contents

Image-signal information o Video dot clock frequency

o Total number of horizontally arranged dots

35
o Total number of vertically arranged lines (dots)

o Number of dots in a horizontal back-porch period

o Number of dots in a vertical back-porch period

40 o Number of horizontal-display dots

o Number of vertical-display lines

45

50

55

12
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Table 2

Contents

Area
information
and its level

Level 0: No window
Level 1: A single rectangular window
Window start-position information (x0,y0) and

window end-position information (xl,yl)
Level 2: A plurality of pieces of Level-l

information
Number of display windows: n
Start-position information (x0,y0) and end-
position information (xl / yl) of window Wl
Start-position information (x0,y0) and end-
position information (xl,yl) of window W2

Start-position information (x0,y0) and end-
position information (xl,yl) of window Wn

Level 3: A single deformed-shape window
o Circular window information m = 2

Circle-center information = (x0,y0)
X-axis and Y-axis radii = (xc,yc)

o Polygonal-shape information > 3 (m is the
number of salient points)
Information on salient points
(xl, yl) A (xm,ym)

Level 4: A plurality of deformed windows
The number of display windows: n
Window number (Number of salient points,
x-y coordinates)

Wl (Number of points: m, (x0,y0), (xl,yl),
A (xm, ym) )

W2 (Number of points: m, (x0,y0), (xl,yl)

,

A (xm, ym) )

Wn (Number of points: m, (x0,y0) , (xl,yl),
A (xm, ym)

)

Level 5:
Three-dimensional version of Level 1
(x0,y0,z0) , (xl,yl,zl)

Level 6:
Three-dimensional version of Level 2

Level 7

:

Three-dimensional version of Level 3
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Table 3

Contents

Attribute Information o Relevant-level switching

o Display attribute change control on/off

o Entire screen attribute change/window attribute change switching

o Entire screen contrast control

o Number of controlled-contrast windows

o Specification of the numbers of windows to be controlled

o Window portion contrast control

o Entire screen brightness control

o Window portion brightness control

o ABL control system switch

o ABL control level specification

o Entire screen chromaticity control

o Window portion chromaticity control

o Window portion R/G/B gain control

o Entire screen y value setting

o Window portion y value setting

o Display attribute change portion edge trimming on/off

o Edge trimming color setting

o Display attribute change portion enlargement/shrinking

Table 1 is a table of typical image signal information transferred to the image displaying apparatus 1 1 0 for modifying

35 display attributes prior to the area information. Table 2 is a table of typical area information required for modifying dis-

play attributes. Relevant tables shown in Table 2 are parameters each indicating the number, the shape and the over-

lapping state of a window. For example, Level 1 shown in the table represents area information of a single rectangular

window indicating the start and end points of the window. Level 2 in the same table indicates a plurality of pieces of

Level- 1 information.

40 Table 3 is a table of typical attribute information transferred from the information processing apparatus 100 to the

image displaying apparatus 1 10 after area information. The table includes information on display attributes such as con-

trast and brightness of a specific area specified by area information transferred from the information processing appa-

ratus 100 to the image displaying apparatus 110 prior to the attribute information.

The "relevant-level switching" shown in Table 3 is switching information for determining what level an image is to be

45 displayed by the image displaying apparatus 1 10 whenever a level shown in Table 2 is applicable. The "display attribute

change control on/off" is information on whether or not the display attribute change control is allowed in the image dis-

playing apparatus 110.

The "entire screen attribute change/window attribute change switching" is switching information for determining

whether the display attribute of the entire display screen appearing on the image displaying apparatus 1 10 or the dis-

so play attribute of only an area indicated by the area information is to be changed. Using this information, either the dis-

play attribute of the entire display screen appearing on the image displaying apparatus 1 10 or the display attribute of

only an area indicated by the area information is changed.

The "entire screen contrast control" is control information for controlling the contrast of the entire display screen of

the image displaying apparatus 110. The "number of controlled-contrast windows" is information on how many display

55 areas indicated by area information will be subject to contrast control.

The "specification of the numbers of windows to be controlled** is numbers assigned to display areas (windows)

which have changeable attribute information in case there are a plurality of such display areas. The "specification of the

numbers of windows to be controlled" is thus specification information for clarifying objects to be controlled. The "win-

14



EP 0 856 829 A2

dow portion contrast control" is contrast control information of a specified display area.

The "entire screen brightness control" is the brightness control information for the entire screen, while the "window
• portion brightness control" is the brightness control information for a specified display area.

The "ABL (Average Brightness Level) control system switching" is switching information for selecting whether the

s average luminance of the entire display screen or the average luminance of display areas except a specific display area

is to be made fixed. The "ABL control level specification" is information for specifying a maximum luminance level of a
portion subject to luminance control by a selected ABL control system. A "maximum luminance level" is a level at which

the beam current is suppressed so as not to exceed a specification value of the CRT display unit-322.

The "entire screen chromaticity control" is information on setting the chromaticity (a white color containing some
w red or blue color) of a white-color display of the entire screen. The "window portion chromaticity control" is information

on setting the chromaticity of a specific display area.

The "window portion R/G/B gain control" is video gain control information of RGB colors of a specific display area.

The "entire screen r value setting" is information for correcting the y characteristics (the video voltage amplitude and dis-

play luminance characteristics) of the entire display screen, while the "window portion y value setting" is information for

is correcting the y characteristics of a characteristic area.

The "display attribute change portion edge trimming on/off" is switching information for determining whether or not

edge trimming is to be carried out for a specific area, the display attribute of which is to be changed. The "edge trimming

color setting" is information which is used for setting an edge-trimming color when the edge trimming described above
is carried out. The "display attribute change portion enlargement/shrinking" is control information on whether a portion

20 with a display attribute thereof changed is to be enlarged or shrunk.

It should be noted that the pieces of control information shown in Table 3 do not have to be all transferred to the

image displaying apparatus 1 1 0. That is to say, only required pieces of control information are transferred from the infor-

mation processing apparatus 100 to the image displaying apparatus 110.

In addition, in the image displaying system implemented by the present embodiment, a display attribute can be set

25 for a three-dimensional display area and a display area having any arbitrary shape such as a cursor, as follows.

Fig. 1 3 is a diagram showing; graphical information of display areas having various, arbitrary shapes, including one
display area having a three-dimensional shape, in the present embodiment. As shown in the figure, the graphical infor-

mation is constituted by a cube 1303 that reflects light emitted by both an arrow-shaped cursor 1301 and a light source

1302. When changing a display attribute of a display area having an arbitrary shape such as the cursor 1301 , area infor-

30 mation comprising a bit pattern showing the shape thereof and a start address are generated.

In the case of the cube 1303, the display attributes vary from plane to plane. In addition, if the display attributes of

even the same plane of the cube 1303 vary in dependence upon the distance to the light source 1302, area-attribute

information 250 can be generated by setting not only the area information for each plane of the cube 1303, but also by
setting the display attributes of each plane which vary depending upon the coordinates of the position on the plane.

35 It should be noted that the area-attribute information 250 of an arbitrary shape such as the cursor 1301 and of a
three-dimensional shape such as the cube 1 303 can be expressed by developing attribute information for each picture

element of display data stored in the display memory unit 106, as will be described later.

The following is a description of segments of the processing carried out by the application program 200 and the

operating system 210 in the image displaying system implemented by the present embodiment, when a display attribute

ao of a specific area is changed.

Fig. 14 is a flowchart showing a procedure of initialization processing carried out by the operating system 210 in

the present embodiment. The initialization processing carried out by the operating system 210 is preparatory to modi-
fying a display attribute carried out by the operating system 210, as shown in the figure. The initialization begins with a
step 1401 at which the power supply of the information processing apparatus 100 is turned on. As the power supply is

45 turned on, in processing carried out at a step 141 1 , the USB device driver 230 initializes the USB controller 107.

The flow then proceeds to a step 1402 at which the display-attribute-change control means 21 1 of the operating

system 210 makes an inquiry to the image displaying apparatus through the USB driver 230, into the ability of the image
displaying apparatus 1 10 to modify a display attribute. The inquiry concerns, among other things, whether a specific-

area-display-attribute changing means 1 13 is provided in the image displaying apparatus 1 10, so as to display an image
so in a specific area on the display screen by modifying a display attribute of the specific area.

Receiving the inquiry, the USB driver 230 creates a packet containing the inquiry, and sends the inquiry packet to

the image displaying apparatus 1 10 by way of the USB controller 107 as an inquiry signal in processing carried out at

a step 1412. . . .

The image displaying apparatus 1 10 receives the inquiry signal transmitted by the information processing appara-

55 tus 100 by way of the USB controller 115, creating a packet containing image-displaying-apparatus information 261 to

indicate that a specific-area-display-attribute changing means 1 13 is provided in the image displaying apparatus 110.

The packet is sent to the information processing apparatus 100 by way of the USB controller 115 as a report signal in

response to the inquiry packet.

15
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The information processing apparatus 1 00 receives the report signal transmitted by the image displaying apparatus

110, which report signal indicates whether a specific-area-display-attribute changing means 113 is provided in the

image displaying apparatus 110, by way of the USB controller 107. In the processing carried out at the step 1412, the

USB device driver 230 of the information processing apparatus 100 receives the image-displaying-apparatus informa-

5 tion 261 transmitted by the image displaying apparatus 1 10 by way of the USB controller 107, passing on the image-

displaying-apparatus information 261 to the display-attribute-change control means 21 1 as image-displaying-apparatus

information 262.

In processing carried out at a step 1403, the display-attribute-change control means 21 1 references the image-dis-

piaying-apparatus information 262 received in the processing carried out at the step 1402 to find out whether or not the

10 image displaying apparatus 1 10 is capable of modifying a display attribute of a specific area on its display screen. If the

image displaying apparatus 1 10 is found to have such a capability, the flow goes on to a step 1 404 at which an attribute

change flag is set to indicate that a display attribute of a specific area on the display screen of the image displaying

apparatus 110 can be changed.

If, on the other hand, the result of the examination of the image displaying-apparatus information 262 carried out in

15 the processing of the step 1403 indicates that the image displaying apparatus 1 10 is not capable of modifying a display

attribute of a specific area on its display screen, or if no image-displaying-apparatus information 262 is transmitted from

the image displaying apparatus 1 1 0, a display attribute of a specific area is considered to be unchangeable and the ini-

tialization processing is ended without setting the attribute change flag cited above.

An example of the image-displaying-apparatus information 260 acquired in the processing carried out at the step

20 1402 is shown in Table 4.

Contents

Information on the image displaying apparatus (Initial o Relevant level

values) o Peak luminance

o Average luminance

o Window-controllable items (Contrast, brightness, ABL,

chromaticity, y, RGB level)

o Standard set value (entire screen)

o Standard set value (window)

o Recommended display resolution

o Input video signal amplitude

40 The "relevant level" in Table 4 is the level shown in Table 2 that is associated with information required for modifying

display attributes. The "peak luminance" is the maximum luminance level that can be displayed on the image displaying

apparatus 110. The "average luminance" is the luminance level of a white display on the entire display screen of the

image displaying apparatus 110.

The "window-controllable item" is a changeable item of the attribute information shown in Table 3. Examples of a

45 window-controllable item are the contrast indicating the amplitude level of an image signal, the brightness indicating the

direct-current level of an image signal, the ABL (Average Brightness Level) indicating the average value of the current

waveform of an electron gun limited by a limiter, the chromaticity, the y characteristic, and the RGB level, to name a few.

These window-controllable items are all controllable.

The "standard set values (entire screen)" are default values of controllable items for the entire screen shown in

so Table 3. The "standard set values (window)" are default values of controllable items for a specific area shown in Table 3.

The "recommended display resolution" is a recommended display resolution that allows a display attribute to be

changed effectively. An example of the recommended display resolution is 1 ,024 dots x 768 lines. The "input video sig-

nal amplitude" is the amplitude of the input video signal that allows a display attribute to be changed effectively. An

example of the input video signal amplitude is 0.7 V.

55 The following is description of processing carried out by the application program 200 to modify a display attribute

so as to reproduce dynamic-image data at a high contrast, in a case in which the image displaying apparatus 1 10 is

determined to be an apparatus capable of modifying a display attribute of a specific area on a display screen thereof.

Fig. 15 is a flowchart showing a processing procedure carried out by the application program 200 to modify a dis-
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play attribute in the present embodiment. The procedure is a series of operations which are carried out by the applica-

tion program 200 to modify a display attribute so as to display a window for reproducing dynamic-image data at a high

contrast as shown in the figure.

The flowchart begins with a step 1501 at which the user invokes the application program 200 for reproducing

5 dynamic-image data. The flow then goes on to a step 1502 at which the application program 200 makes an inquiry

about a list of files in a storage (such as the DVD 104) for storing dynamic-image data to the operating system 210.

In response to the inquiry, the operating system 210 references files on the DVD 104 through a file system driver

and a DVD interface in order to open a file menu in processing carried out at a step 1511.

As the list of files storing dynamic-image data is displayed, the user selects a file storing dynamic-image data from

10 the list of files which are displayed in response to the inquiry made in the processing carried out at the step 1502.

The flow then goes on to a step 1503 at which the application program 200 issues a draw instruction to the operat-

ing system 21 0, to display a window for displaying a dynamic image corresponding to the selected dynamic-image data.

At the request made by the application program 200, the operating system 210 requests the image displaying device

driver 240 to display the window for displaying the dynamic image by using area information specified in the draw
75 instruction in processing carried out at a step 1512. As a result, the window for displaying the dynamic image is dis-

played on the image displaying apparatus 1 10 by way of the display controller 105.

The flow then proceeds to a step 1504 at which the area-attribute-information generating means 201 of the appli-

cation program 200 issues a contrast-increasing instruction to the operating system 210, requesting the operating sys-

tem 210 to increase the contrast of the window in which the dynamic image is to be displayed. More specifically, the

20 area-attribute-information generating means 201 transfers, to the image displaying apparatus 1 10 via the operating sys-

tem 210, the area-attribute information 250 comprising area information specified when displaying the window for dis-

playing the dynamic image and attribute information showing a contrast value of the dynamic data specified in advance

as a run-time parameter, in order to increase the contrast of the window in which the dynamic image is to be displayed.

At a step 1513, the display-attribute-change control means 211 of the operating system 210 receives the contrast-

25 increasing instruction from the application program 200 by way of the area-attribute-information acquiring means 213.

Receiving the instruction, the area-attribute-information acquiring means 213 references the attribute change flag set

at initialization and. if the image displaying apparatus 1 10 is capable of changing a display attribute of a specific area

on its display screen, area-attribute information 251 is supplied to the USB device driver 230, making a request to

increase the contrast of the window in which the dynamic image is to be displayed.

30 At the request described above, the USB device driver 230 assembles an instruction packet containing the area-

attribute information 251 to increase the contrast of the window in which the dynamic image is to be displayed, in con-

formity with a USB protocol, sending the packet to the USB controller 107 at a step 1521.

The USB controller 107 converts the instruction packet supplied thereto into an electrical signal and outputs the

electrical signal conveying the area-attribute information 252 to the image displaying apparatus 1 10 connected to the

35 USB controller 107. The image displaying apparatus 110 receives the instruction packet through the USB controller

115, extracting area information and contrast information from the area-attribute information 252. The contrast of the

specified window containing the dynamic image is then changed accordingly.

The flow then continues to processing of a step 1505 at which the application program 200 reads out dynamic-

image data from the selected dynamic-image file through the file system driver and the DVD interface, transferring the

40 dynamic-image data to the main memory unit 102. The dynamic-image data transferred to the main memory unit 102

is then sent to the image displaying apparatus 1 10 by way of the image displaying device driver 240 and the device con-

troller 1 05 to be reproduced on the specified window, the display attribute of which has been changed to a high contrast

value for dynamic-image data.

The flow then goes on to a step 1506 at which the application program 200 examines whether the dynamic-image

45 data have all been reproduced. If any dynamic-image data remains to be reproduced, the flow returns to step 1505. If

the dynamic-image data have all been reproduced, on the other hand, the flow proceeds to a step 1 507.

At the step 1507, the area-attribute-information generating means 201 of the application program 200 generates

area-attribute information 250 for returning to the default value the display attribute of the window containing the

dynamic image, issuing a default-contrast restoring instruction to the operating system 210.

50 At a step 1514, the display-attribute-change control means 21 1 of the operating system 210 receives the default-

contrast restoring instruction from the application program 200 by way of the area-attribute-information acquiring means
213. Receiving the instruction, area-attribute information 251 for restoring the display attribute to the default contrast is

supplied to-the USB device driver 230, making a request to the USB device driver 230 to carry out restoration of the

display attribute to the default value (that is. to restore the display attribute of the window containing the dynamic image
55 to the default contrast).

At the request described above, the USB device driver 230 assembles an instruction packet containing the area-

attribute information 251 to restore the display attribute of the window having the dynamic image to the default contrast

in conformity with the USB protocol, sending the instruction packet to the USB controller 107 in order to restore the con-
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trast of the specified window to the default value at a step 1522.

The flow then goes on to a step 1 508 at which the application program 200 sends an instruction to the operating

system 210 to close the window displaying the dynamic image. Receiving the instruction, the operating system 210

deletes the window displaying the dynamic image at a step 1515. As the window for displaying a dynamic image is

s deleted, the application program 200 terminates the processing to reproduce the dynamic-image data.

As described above, the attribute information showing the contrast value of the dynamic-image data is set in

advance as a run-time parameter of the application program 200. It should be noted that the attribute information can

also be stored in the DVD 104 for storing data to be displayed along with the data to be displayed, such as the dynamic-

image data. In this case, in an operation to display such data, the attribute information which is stored along with the

10 data to be displayed is read out from the storage and used for modifying the display attribute of the specific area on the

display screen of the image displaying apparatus 1 10.

Fig. 1 6 is a flowchart showing the processing procedure carried out in the present embodiment to change a display

attribute using attribute information stored along with dynamic-image data. The procedure is a series of operations car-

ried out by the application program 200 for changing the display attribute so as to set a window for displaying a dynamic

15 image corresponding to dynamic-image data at a high contrast, to reproduce the dynamic-image data as shown in the

figure.

The procedure begins with a step 1 501 at which the user invokes the application program 200. The flow then goes

on to a step 1502 at which the application program 200 makes an inquiry to the operating system 210 about a list of

files in a storage such as the DVD 104, which contain dynamic-image data.

20 In response to the inquiry, the operating system 210 references files on the DVD 104 through a file system driver

and a DVD interface in order to open a menu, at a step 1 51 1

.

As the list of files containing dynamic-image data are displayed, the user selects one of the files from the list.

After a file for storing dynamic-image data has been selected, the flow goes on to a step 1601 at which the appli-

cation program 200 makes a file-read request to the operating system 210, requesting the operating system 2 1 0 to read

25 out a contrast value, the attribute information of the dynamic-image data in the selected file.

At the request described above, the flow goes on to a step 1602 at which the operating system 210 reads out a

contrast value, the attribute information set in advance in the selected file for storing the desired dynamic-image data,

and passes the contrast value to the application program 200.

The flow then goes on to a step 1503 at which the application program 200 issues a draw instruction to the operat-

30 ing system 21 0 to display a window for displaying a dynamic image corresponding to the selected dynamic-image data.

At the request made by the application program 200, the operating system 210 requests the image displaying device

driver 240 to display the window by using area information specified in the draw instruction at a step 1512. As a result,

the window for displaying the dynamic image is displayed on the image displaying apparatus 1 10 by way of the display

controller 105.

35 The flow then proceeds to a step 1504 at which the area-attribute-information generating means 201 of the appli-

cation program 200 issues a contrast-increasing instruction to the operating system 210, requesting the operating sys-

tem 210 to increase the contrast of the window in which the dynamic image is to be displayed. More specifically the

area-attribute-information generating means 201 transfers area-attribute information 250 comprising area information

specified when displaying the window, and attribute information showing a contrast value of the dynamic data specified

40 in advance as a run-time parameter, to the image displaying apparatus 1 10 through the operating system 210, in order

to increase the contrast of the window in which the dynamic image is to be displayed.

At a step 1513, the display-attribute-change control means 21 1 of the operating system 210 receives the contrast

increasing instruction from the application program 200 by way of the area-attribute-information acquiring means 213.

Receiving the instruction, the area-attribute-information acquiring means 213 references the attribute change flag set

45 at initialization and, if the image displaying apparatus 1 10 is an apparatus capable of changing a display attribute of a

specific area on a display screen thereof, area-attribute information 251 is supplied to the USB device driver 230, mak-

ing a request to increase the contrast of the specified window.

At the request described above, the USB device driver 230 assembles an instruction packet containing the area-

attribute information 251 to increase the contrast of the window in conformity with a USB protocol, sending the packet

so to the USB controller 107 in processing carried out at a step 1521

.

The USB controller 107 converts the instruction packet supplied thereto into an electrical signal and outputs the

electrical signal conveying area-attribute information 252 to the image displaying apparatus 110 connected to the USB

controller 107. The image displaying apparatus 110 receives the instruction packet through the USB- controller 115,

extracting area information and contrast information from the area-attribute information 252. The contrast of the speci-

55 tied window is then changed accordingly.

At the subsequent steps, the application program 200 reproduces the dynamic-image data stored in the selected

file on the dynamic-data window, the display attribute of which has been changed to a high contrast value for dynamic-

image data, in the same way as the processing described by referring to Fig. 15.
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Figs. 17(a)- 17(c) show examples of storage media each for storing dynamic-image attribute information along with

dynamic-image fiies in the present embodiment. Each of Figs. 1 7(a)- 1 7(c) show the DVD 1 04 for storing dynamic-image

attribute information along with dynamic-image files, wherein a plurality of dynamic-image files 1 701 to 1 703 for storing

dynamic data are stored along with attribute information for the dynamic-image data contained in the dynamic-image

5 files 1701 to 1703.

The attribute information stored in the storage medium along with data to be displayed can be dynamic-image

attribute information 1700 common to the dynamic-image files 1701 to 1703 as shown in Fig. 17(a), or pieces of

dynamic-image attribute information 1 71 1 to 1 71 3 included in the dynamic-image files 1 701 to 1 703, respectively, which

are created for different titles of dynamic-image data as shown in Fig. 1 7(b).

10 The attribute information can be stored in the storage medium as a file, or simply recorded in the storage medium
as numbers.

As an alternative, the pieces of dynamic-image data 1 701 to 1 703 are stored in the storage medium as scene data

1731 to 1736, specific units, as shown in Fig. 17(c). Pieces of dynamic-image attribute information 1721 and 1726 are

then set for the pieces of scene data 1731 to 1736, respectively. In this case, when the scene data is reproduced, the

15 display attribute of the scene data is changed in accordance with the dynamic-information attribute information associ-

ated with the scene data.

As described above, attribute information is set lor each specific unit composing data to be displayed and, by

changing the display attribute for each specific unit of the data to be displayed in accordance with the set attribute infor-

mation, a display attribute set for each piece of data by the user and aimed at a specific display effect can be repro-

20 duced with a high degree of fidelity.

Fig. 1 8 is a flowchart showing a processing procedure for modifying a display attribute in the event of a specific trig-

ger in the present embodiment. The procedure is a series of operations carried out by the operating system 210 to mod-
ify a display attribute of a window for displaying data at an increased contrast in the event of a specific trigger, as shown
in the figure.

25 In the event of a specific trigger, the display-attribute-change control means 211 of the operating system 210

obtains information on the cause of the trigger at a step 1801

.

The flow then goes on to a step 1802 at which the display-attribute-change control means 211 forms a judgment

as to whether the trigger causes a movement of a window for displaying data at an increased contrast, if the trigger

causes a movement of a window for displaying data at an increased contrast, the flow goes on to a step 1 805 at which

30 the area-attribute-information generating means 212 generates area-attribute information 251 using post-movement

area information, making a request to the USB device driver 230 to reset the contrast value of the window.

At the request, the USB device driver 230 assembles an instruction packet containing the area-attribute information

251 to reset the contrast value of the window in conformity with a USB protocol, sending the packet to the USB control-

ler 107 at a step 1811.

35 if the outcome of the judgment formed at the step 1 802 indicates that the trigger does not cause a movement of a

window for displaying data at an increased contrast, on the other hand, the flow proceeds to a step 1 803 at which the

display-attribute-change control means 21 1 forms a judgment as to whether the trigger causes the size of a window for

displaying data at an increased contrast to be changed.

If the outcome of the judgment formed in the processing carried out at the step 1803 is YES, the flow goes on to

40 the step 1805 described earlier. Otherwise, the flow continues to a subsequent step. At each of the subsequent steps,

the display-attribute-change control means 21 1 forms a judgment as to whether the trigger is relevant to a window for

displaying data at an increased contrast. Similarly, if the outcome of the judgment is YES, the flow goes on to the step

1805 described earlier. Otherwise, the flow continues to a subsequent step. If the outcome of the judgment formed at

the last step is NO, the processing is terminated.

45 As described above, the display attribute of the display screen of the image displaying apparatus 110 can always

be updated in accordance with the area-attribute information 250, allowing data to be properly displayed in a window of

the display screen.

Fig. 19 is a diagram showing processing carried out by the operating system 210 to generate area-attribute infor-

mation in the present embodiment. In the processing to generate area-attribute information carried out by the operating

so system 210 shown in the figure, as an example, data is displayed on an active window display screen 1901 at a contrast

higher than those of window display screens 1902 and 1903, on the display screen 800 of the image displaying appa-

ratus 210.

The operating system 210 receives a window drawing instruction including area information from the application

program 200. displaying a window on a display screen of the image displaying apparatus 1 10 or a window on a display

55 screen inside the operating system 210 for notifying the user of information. The area information at that time is a value

determined in the operating system 210.

A plurality of these windows can be displayed. When newly displaying a window, the window frames already exist-

ing at the uppermost layer of the display screen (the layer closest to the viewer) are made to be visually the same as
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other windows, while the new window frame is made to be different from the others; for example the color of the window

frames already existing at the uppermost layer can be made to be the same as the lower-layer frames, while the color

of the new window is different. As a result, the newly displayed window can be identified with ease as an active window

needing the user's attention at the present time.

After a new window display screen 1901 has been displayed, a click of the mouse 314 to designate the already-

existing window display screen 1 901 as an active window is detected by the display-attribute-change control means 21

1

of the operating system 210 as a trigger. In the event of such a trigger, the area-attribute-information generating means

212 generates area-attribute information 251 comprising attribute information of the active window and area information

indicating a location where the active window is displayed. That is, when the window display screen 1901 is made an

active window by a click of the mouse 314, the area-attribute-information generating means 212 of the operating system

210 references a database for storing a variety of set values for windows, acquiring contrast information used as

attribute information set in advance for the active window.

Then, the area-attribute-information generating means 212 acquires area information showing a display area for

displaying the active window display screen 1901. The display area of the window display screen 1901 is controlled by

the operating system 210 itself, and is acquired as area information on a controlled area, subject to a change of a dis-

play attribute.

The area-attribute-information generating means 212 of the operating system 210 passes the acquired area-

attribute information 251 to the display-attribute-change control means 211. As the display-attribute-change control

means 21 1 sends the acquired area-attribute information 251 to the image displaying apparatus 1 10 by way of the USB
device driver 230, the image displaying apparatus 1 10 displays the window display screen 1901 by requesting the spe-

cific-area-display-attribute changing means 113 to modify the contrast of the window display screen 1901 to a value

indicated by the area-attribute information 252.

Fig. 20 is a diagram showing formats of data packets of the USB interface in the present embodiment. More spe-

cifically, the figure shows the contents of each USB-interface data packet which is exchanged between the information

processing apparatus 100 and the image displaying apparatus 110 by using the USB interface as a communication

interface, and used by the information processing apparatus 100 for controlling the image displaying apparatus 110.

A set-up token packet 2001 is transmitted from the information processing apparatus 100 to the image displaying

apparatus 1 10 for informing the image displaying apparatus 1 1 0 that communication is started. A data packet 2002 is

transmitted from the information processing apparatus 1 00 to the image displaying apparatus 110, following the set-up

token packet 2001 , for indicating the kind of information that is to be exchanged and the amount of the transmission to

be transmitted after this packet.

Receiving the set-up token packet 2001 and the data packet 2002, the image displaying apparatus 1 10 returns a

handshake packet 2003 to the information processing apparatus 100 as a response to the set-up token packet 2001

and the data packet 2002.

After that, the information processing apparatus 100 outputs an output token packet 2004, requesting the image

displaying apparatus 1 10 to carry out predetermined data setting. A data packet 2005 contains four bytes of data indi-

cating the data setting to be carried out and how much data will be involved in the data setting.

When the output token packet 2004 and the data packet 2005 are received by the image displaying apparatus 110

normally, the image displaying apparatus 1 1 0 returns a handshake packet 2006 to the information processing appara-

tus 100.

A data packet data portion 2007 shows in detail the four bytes of data contained in the data packet 2005. The first

byte is a fixed ID number, and the second byte is an operation code showing what control or adjustment is to be carried

out. The third and fourth bytes are an actual set value for the control or adjustment specified by the operation code.

Typical standard operation codes for controlling or adjusting the image displaying apparatus 1 10 through the USB
interface are shown in Table 5.

Table 5

VCP command name Function USB op code

Brightness Brightness control 10H

Contrast Contrast control 12H

Red Video Gain Red gain control 16H

Green Video Gain Green gain control 18H

Blue Video Gain Blue gain control 1 AH

Focus Spot size adjustment 1CH
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Table 5 (continued)

VCP command name Function USB op code

Horizontal Position Horizontal position control 20H

5 Horizontal Size Horizontal size control 22H

Horizontal Pincushion Side pin distortion adjustment 24H

Horizontal Pincushion Balance Side pin distortion left-right adjustment 26H

10
Horizontal Misconvergence Horizontal -direction misconvergence adjustment 28H

Horizontal Linearity Horizontal linearity adjustment 2AH

Horizontal Linearity Balance Horizontal linearity left-right adjustment 2CH

Vertical Position Vertical position control 30H
15

Vertial Size Vertical size control 32H

Vertical Pincushion Vertical pin distortion adjustment 34H

Vertical Pincushion Balance Vertical pin distortion up/down adjustment 36H

20
Vertical Misconvergence Vertical-direction misconvergence adjustment 38H

Vertical Linearity Vertical linearity adjustment 3AH

Vertical Linearity Balance Vertical linearity up/down adjustment 3CH

Parallelogon Distortion Parallelogon distortion adjustment 40H
oxdo

Trapezoidal Distortion Trapezoidal distortion adjustment 42H

Tilt Rotation adjustment 44H

Top Corner Distortion Control Top corner distortion adjustment 46H

30
Top Corner Distortion Balance Top corner distortion balance adjustment 48H

Bottom Corner Distortion Control Bottom corner distortion balance adjustment 4AH

Bottom Corner Distortion Balance Bottom corner distortion balance adjustment 4CH

35

Horizontal Moire Horizontal Moire adjustment 56H

Vertical Moire Vertical Moire adjustment 58H

Input Level Select Input signal level selection 5EH

Input Source Select Input signal selection 60H

40

The image displaying apparatus 110 does not have to be provided with capabilities for all of the functions listed in

Table 5. It will be sufficient to provide facilities for required functions only. Since one byte is allocated to the operation

code, hexadecimal codes 0OH to FFH can be used.

Codes which are not used yet in Table 5 are reserved for future expansions. By assigning a variety of controllable

45 and adjustable items for the purpose of changing the display attributes shown in Tables 1 to 3, it is possible to modify a
variety of display attributes by using the USB interface. By utilizing unused codes described above, it is possible to pre-

vent communication errors and incorrect display controls in the function of communication with an information process-

ing apparatus 100 that has no display-attribute changing function, even if area-attribute information 250 is output to an
image displaying apparatus 1 10 having such functions as a standard.

so For example, operation codes 00H to 60H shown in Table 5 are provided for the USB interface. Thus, an operation

code 62H can be assigned for contrast control of a specific area on the display screen of the image displaying appara-

tus 110 as an extension code.

As another example, an operation code 64H can be assigned for changing information on the start position of an
area, while an operation code 66H can be assigned for changing information on the end position of the area. In this way,

55 the additional extension operation codes allow the area information to be updated in the image displaying apparatus
1 10 by using the USB interface.

An extension operation code can also be provided for carrying out the contrast control and the control to change
area information at the same time. As an alternative, by defining a new Set_Report_Request field for updating area
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information in the data packet 2002 following the set-up token packet 2001 , data showing area information can be trans-

mitted as is by using the data packet 2005 following the next output token packet 2004. In this case, however, a lot of

data cannot be transmitted by using one data packet 2005. To solve this problem, the data is transmitted by using a plu-

rality of data packets 2005.

5 Fig. 21 shows transmission formats of the image-displaying-apparatus information 260 in the present embodiment.

As shown in the figure, the image-displaying-apparatus information 260 is transmitted from the image displaying appa-

ratus 1 10 to the information processing apparatus 100 in a USB packet when the latter makes a request for the image-

displaying-apparatus information 260 to the former.

The set-up token packet 2101, the data packet 2102, and the handshake packet 2103 shown in Fig. 21 are the

10 same as packets 2001, 2002, and 2003 shown in Fig. 20. More specif ically, the information processing apparatus 100

calls a peripheral apparatus specified by an address code in an ADDR field in the set-up token packet 2101, and a

request made by the information processing apparatus 100 to the called peripheral apparatus is specifically described

in the DATA field of the next data packet 2102!

When the packets described above are received by the peripheral apparatus, that is, the image displaying appara-

15 tus 110 in this case, the image displaying apparatus 1 10 returns a handshake packet 2103 to the information process-

ing apparatus 100.

In the case of a data packet 2102 requesting the image displaying apparatus 1 10 to send the image displaying-

apparatus information 260 thereof to the information processing apparatus 100, an input token packet 2104 is issued

by the information processing apparatus 100 to the image displaying apparatus 110, to be followed by the desired

20 image-displaying-apparatus 260 in a data packet 2105 transmitted by the image displaying apparatus 1 10 to the infor-

mation processing apparatus 100. If the USB transmission is successful, a handshake packet 2106 is transmitted by

the information processing apparatus 100 to the image displaying apparatus 110.

The image-displaying-apparatus information 260 shown in Table 4 is acquired by the information processing appa-

ratus 100 by issuing an input token packet 2104 when the USB interface is initialized. At that time, a request to acquire

25 image-displaying-apparatus information (a Get_Descriptor request prescribed in the USB standards) is sent by the

information processing apparatus 100 to the image displaying apparatus 1 10 by using the data packet 2102 following

the set-up token packet 2101 , and various kinds of information shown in Table 4 are sent by the image displaying appa-

ratus 1 10 to the information displaying apparatus 100 by using the data packet 2105 following the input token packet

2104.

30 At that time, since the maximum amount of information included in the data packet 2105 issued by the image dis-

playing apparatus 1 10 is eight bytes, the image-displaying-apparatus information 260 is transmitted by using some data

packets 2105. In this case, a handshake packet 2106 is issued for each data packet 2105.

In addition, in the image displaying system implemented by the present embodiment, when communication con-

forming to the DDC standards is carried out between the information processing apparatus 100 and the image display-

35 ing apparatus 110, the following signal transmission format is used.

Frg. 22 is a diagram showing a signal transmission format conforming to the DDC protocol used in the present

embodiment. The DDC signal transmission format shown in the figure is a standard signal transmission format used

when transmitting information in conformity with DDC standards. The first byte is the address of the destination to which

the information is transmitted, an address assigned to peripheral equipment connected to the information processing

40 apparatus 100. The next byte is the address of the apparatus sending the information, and the third byte represents the

amount of information being transmitted.

The fourth byte is a command describing the information being transmitted. An operation code following the com-

mand is information on actual control, etc. The byte following the operation code represents an adjustment amount, and

the last byte contains a check sum for error checking of the transmitted data.

45 By using the signal transmission format described above, for example, the contrast of a specific area on a display

screen of the image displaying apparatus 1 10 can be controlled. In this case, the command is an instruction transmitted

to the image displaying apparatus 110 by the information processing apparatus 100 to control the image displaying

apparatus 110. The operation code following the command is completely identical with the code used in the case of the

USB protocol (that is, a code shown in Table 5). As a result, a request or a command for the image displaying apparatus

so can be issued in the same way, even if the type of interface changes.

The following is a description of the image displaying apparatus 110 employed in the image displaying system,

wherein a dynamic image B (for example, a television image signal) is displayed over an image A by increasing the con-

trast of the image B in accordance with area-attribute information 252 transmitted to the image displaying apparatus

110 from the information processing apparatus 100.

55 Fig. 23 is a diagram showing a preferred implementation of an image displaying apparatus 1 10 provided by the

present embodiment. As shown in the figure, the image displaying apparatus 1 10 comprises amplitude control means

2301 for changing the amplitude of an image signal, direct-current-level control means 2302 for controlling the direct-

current level of the image signal, an adder 2303, variable power supplies 2304 to 2306, a switch 2307, data latches
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2310 to 231 2 for setting the voltages of the variable power supplies 2304 to 2306, respectively, address decoders 2320
to 2322 for determining whether data is to be latched in the data latches 2310 to 2312, respectively, and a circuit for

generating a timing signal KEY for actuating the switch 2307.

The circuit for generating the timing signal KEY comprises a vertical start counter 2330 for determining a start

5 address of the image B in the vertical direction, a vertical end counter 2331 for determining an end address of the image
B in the vertical direction, a horizontal start counter 2332 for determining a start address of the image B in the horizontal

direction, a horizontal end counter 2333 for determining an end address of the image B in the horizontal direction, AND
gates 2340 to 2342, data latches 2313 to 2316 for setting address values in the vertical start counter 2330, the vertical

end counter 2331, the horizontal start counter 2332, and the horizontal end counter 2333, respectively, and address
10 decoders 2323 to 2326.

The data latch 2310 is used for storing data of the direct-current level of an image signal VIDEO 1 supplied by the

information processing apparatus 100. The direct-current level determines the brightness of the entire display screen.

The data latch 231 1 is used for storing amplitude data of the image signal VIDEO 1 for determining the contrast of the

entire display screen. The data latch 231 2 is used for storing amplitude data for determining the contrast of an area for

15 displaying the image B. The data latch 2313 is used for storing the vertical start address of the image B. The data latch

2314 is used for storing the vertical end address of the image B. The data latch 2315 is used for storing the horizontal

start address of the image B. The data latch 2316 is used for storing the horizontal end address of the image B.

Fig. 24 is a diagram showing different formats of the area-attribute information 252 used in the present embodi-
ment. As shown in the figure, the area-attribute information 252 comprises area information which is transmitted from

20 the information processing apparatus 100 and stored in the latches described above, and contrast levels showing con-

trast values which represent attribute information. To be more specific, Fig. 24(a) shows a contrast level along with start

and end addresses, Fig. 24(b) shows a contrast level, a start address, and horizontal and vertical widths, and Fig. 24(c)

shows a contrast level, an end address, and horizontal and vertical widths.

In the specific-area-display-attribute changing means 1 13 shown in Fig. 23. the circuit is designed by assuming that

25 the received area-attribute information 252 comprises a contrast level along with start and end addresses as shown in

Fig. 24(a). If the received area-attribute information 252 has another format like the ones shown in Figs. 24(b) and
24(c), the circuit for generating the timing signal KEY needs to be modified to conform to the format.

It should be noted that data of the direct-current level of the image signal VIDEO 1 for determining the brightness

of the entire display screen, data of the amplitude of the image signal VIDEO 1 for determining the contrast of the entire

30 display screen, and addresses are stored as initial data in the ROM 1 12 to be read out by the CPU 111. The initial data

can be changed by the CPU 1 1 1 in accordance with operations carried out by the user.

In the specific-area-display-attribute changing means 113 shown in Fig. 23, the data latch 2310 and the address
decoder 2320 are associated with each other to form a pair. Similarly, the data latch 231 1 and the address decoder

2321 are associated with each other to form a pair, and so on. Pieces of data to be stored in the data latches 2310 to

35 2316 and addresses to be decoded by the address decoders 2320 to 2326 are supplied by the CPU 111. Addresses
are decoded by the address decoders 2320 to 2326 to find out whether the addresses match those of the associated

respective data latches 2310 to 2316. If the addresses match those of the associated respective data latches 2310 to

2316, the data latches 2310 to 2316 latch the respective pieces of data supplied thereto.

Assume, for example, that data of direct-current levels for determining the brightness of the entire display screen is

40 supplied by the CPU 1 1 1 . An address supplied by the CPU 1 1 1 at the same time is decoded by the address decoder
2320 to determine whether the data is indeed data for the data latch 2310. If the data is judged to be data for the data

latch 231 0, a latch pulse generated by the address decoder 2320 is used for latching the data into the data latch 231 0.

Pieces of data in the data latches 2313 and 2314 are preset in the vertical start counter 2330 and the vertical end
counter 2331 , respectively, with timing determined by a vertical synchronization signal VSYNC. Similarly, pieces of data

45 in the data latches 2315 and 2316 are preset in the horizontal start counter 2332 and the horizontal end counter 2333,

respectively, with timing determined by a horizontal synchronization signal HSYNC.
Thereafter, the vertical start counter 2330 and the vertical end counter 2331 each count pulses of the horizontal

synchronization signal HSYNC as a counter clock signal, whereas the horizontal start counter 2332 and the horizontal

end counter 2333 each count pulses of a dot clock signal DOTCK as a counter clock signal. It should be noted that the

so dot clock signal DOTCK can be generated by multiplying the frequency of the horizontal synchronization signal HSYNC
using a PLL technique, as shown in Fig. 23.

The vertical start counter 2330 and the horizontal start counter 2332 output "0" till the contents reach the latch data

preset therein, outputting "1" after the contents have reached the preset latch data. On the other hand, the vertical end

counter 2331 and the horizontal end counter 2333 output "1"
till the contents reach the latch data preset therein, out-

55 putting "0" after the contents have reached the preset latch data.

The outputs of the vertical start counter 2330 and the vertical end counter 2331 are supplied to the AND gate 2341

to produce the logical product thereof. Similarly, the outputs of the horizontal start counter 2332 and the horizontal end

counter 2333 are supplied to the AND gate 2341 to produce the logical product thereof. The outputs of the AND gates
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2341 and 2342 are supplied to the AND gate 2340 to generate the timing signal KEY, showing the area of the image B

as the logical product thereof.

Figs. 25(a) and 25(b) are timing charts showing a relation between the levels of the timing signal KEY and the

image signal in the present embodiment. To be more specific, Fig. 25(a) is a timing chart showing a relation between

the levels of the timing signal KEY and the image signal during a horizontal scanning period, and Fig. 25(b) is a timing

chart showing a relation between the levels of the timing signal KEY and the image signal during a vertical scanning

period. The hatched portion of the image signal VIDEO 1 corresponds to the image B. The timing signal KEY is "0" (that

is, reset at a low level) at all times except during this hatched period, where it is set at "1
" (a high level).

Referring back to Fig. 23, as shown in the figure, the switch 2307 is controlled by this timing signal KEY Since the

timing signal is normally "0", the switch 2307 is set on a contact q. As the timing signal KEY is set to "1
", however, the

switch 2307 is set to a contact q which is connected to the variable power supply 2306.

A voltage output by the switch 2307 is supplied to the adder 2303. This output voltage is added to a voltage output

by the variable power supply 2304. Since the timing signal KEY is "0" except during the period of the image signal

VIDEO 1 corresponding to the image B, however, the adder 2303 passes on the output voltage of the variable power

supply 2304 as is. In the period of the image signal VIDEO 1 corresponding to the image B, the sum of the voltages

output by the variable power supplies 2304 and 2306 is output by the adder 2303.

Here, the voltage output by the variable power supply 2306 has a value corresponding to the data latched in the

data latch 2312, whereas the voltage output by the variable power supply 2304 has a value corresponding to the data

latched in the data latch 231 1

.

The voltage output by the adder 2303 is supplied to the amplitude control means 2301 as a control voltage. The

amplitude control means 2301 controls the amplitude of the image signal VIDEO 1 in accordance with the control volt-

age supplied thereto. As described above, since the level of the control voltage is high during the period of the image

signal VIDEO 1 corresponding to the image B, the amplitude of the image signal VIDEO 1 is amplified even more by

the amplitude control means 2301 during this period. The direct-current-level control means 2302 further sets the

direct-current level of the image signal VIDEO 1 output by the amplitude control means 2301 at a value corresponding

to a voltage output by the variable power supply 2305. to produce an image signal VIDEO 2vwhich also has an ampli-

tude in this period amplified to a level higher than those in other periods.

In this way, by properly setting the voltages output by the variable power supplies 2304 and 2306, the contrast lev-

els of the portion of the image B of the image signal VIDEO 1 and those of the other portions can be set at arbitrary

values independent of each other. For example, let an image A be a static text image while the image B is a dynamic

television image. In this case, by increasing the contrast of the television image while relatively suppressing that of the

text image, the television image can be made bright and beautiful and, at the same time, the text image can be made

easy to read.

As described above, according to the image displaying system implemented by the present embodiment, area-

attribute information 250 for changing a display attribute of a specific area on a display screen of the image displaying

apparatus 1 1 0 is generated by the information processing apparatus 1 00 and transferred to the image displaying appa-

ratus 110 where an image is displayed on the specific area of the display screen thereof by changing a display attribute

of the specific area. As a result, the image displaying system can keep up with processing to change a display attribute

of the specific area by merely modifying a program in the information processing apparatus 110.

Second Embodiment

The following is a description of an image displaying system implemented by a second embodiment of the inven-

tion, wherein data to be displayed in a specific area on a display screen of an image displaying apparatus and attribute

data for the specific area are transferred from an information processing apparatus to the image displaying apparatus,

and the display attribute of the specific area is changed in accordance with the attribute data in the image displaying

apparatus.

Fig. 26 is a diagram showing a configuration of an image displaying system implemented by the present embodi-

ment. As shown in the figure, the image displaying system comprises an information processing apparatus 100 having

a desplay controller 105 that includes an area judging means 2600. The area judging means forms a judgment as to

whether data to be displayed exists in a specific area, a display attribute of which is to be changed, on a display screen

of an image displaying apparatus 110, which has a display-attribute changing means 2601 for changing a display

attribute of an image signal for the specific area. The image displaying apparatus 1 10 is connected to the information

processing apparatus 100.

In the image displaying system implemented by the present embodiment, after the area judging means 2600 forms

a judgment as to whether data to be displayed exists in the specific area whose display attribute is to be changed, the

information processing apparatus 100 transmits an image signal to the image displaying apparatus 1 1 0. Then, after the

display-attribute changing means 2601 of the image displaying apparatus 110 changes the display attribute of the spe-
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crfic area, the image is displayed.

The CPU 101 employed in the information processing apparatus 100 is a processor for controlling the entire infor-

mation processing apparatus 100. More specifically, the CPU 101 controls the information processing apparatus 100

as a whole by actually interpreting and executing an application program 200, an operating system 210, and a group of

5 programs such as a USB device driver 230 and an image displaying device driver 240 which are loaded into the main
memory unit 102.

In addition, the information processing apparatus 100 also includes an HDD 103 for storing software such as the

application program 200, the operating system 210, a GUI program, an API program, the USB device driver 230, and
the image displaying device driver 240. The information processing apparatus 100 is also provided with a DVD 104 for

10 storing texts as well as display data of static and dynamic images to be displayed on the image displaying apparatus
110.

The display controller 1 05 controls a write operation for writing data to be displayed on the image displaying appa-
ratus 1 1 0 into the display memory unit 106, and controls a read operation for reading out the data from the display mem-
ory unit 106 as an image signal to be transmitted to the image displaying apparatus 110. Further, the display controller

is 1 05 has a plurality of registers in which area-attribute information 251 used for changing the display attribute of the spe-

cific area is set. The display controller 105 also transfers area-attribute information for changing the display attribute of

the specific area generated from the area-attribute information 251 to the image displaying apparatus 1 10.

Finally, the information processing apparatus 100 is also provided with a USB controller 107 for transmitting an
inquiry signal to the image displaying apparatus 110, and receiving a report signal in response to the inquiry signal from

20 the image displaying apparatus 110.

The image displaying apparatus 1 10 comprises a CPU 1 1 1 and a ROM 112. The CPU 111 is a processor for con-

trolling the image displaying apparatus 1 10 as a whole by interpretation and execution of a control program stored in a
storage area of the ROM 112. The control program itself is not shown in the figure.

The ROM 112 employed in the image displaying apparatus 1 10 stores information indicating whether the image
25 displaying apparatus 110 has a display-attribute changing means 2601. That is, the ROM 1 12 indicates whether the

image displaying apparatus 110 has a capability of displaying an image on a specific area on the screen thereof by

changing the display attribute of the specific area. The display-attribute changing means 2601 changes a display

attribute in the image signal input to the image displaying apparatus 1 10 in accordance with an attribute control signal.

In addition, the image displaying apparatus 1 10 also employs a USB controller 115, which serves as a counterpart

30 of the USB controller 107 employed in the information processing apparatus 100. More specifically, the USB controller

115 receives the inquiry signal from the information processing apparatus 100, and transmits the report signal in

response to the inquiry signal to the information processing apparatus 100. The inquiry signal is used for making an
inquiry about the ability of the image displaying apparatus 1 10 to display an image on the specific area on the screen

thereof by changing the display attribute of the specific area in accordance with USB standards.

35 Fig. 27 is a diagram showing an outline of the processing carried out by the image displaying system implemented
by the present embodiment. As shown in the figure, the area judging means 2600 and the display-attribute changing

means 2601 correspond to the specific-area-display-attribute changing means 1 13.

The application program 200 in the information processing apparatus 100 comprises a GUI, which is visible to the

operator who operates the information processing apparatus 100, and which serves as an interface with the operating

40 system 210.

The operating system 210 in the information processing apparatus 100 is a basic program serving as the nucleus
of the image displaying system. More specifically, the operating system 210 connects the application program 200 with

program members directly controlling hardware, such as the USB device driver 230 and the image displaying device

driver 240.

45 The image displaying device driver 240 in the information processing apparatus 100 is positioned between the

operating system 2 1 0 and hardware members such as the device controller 105 and the display memory unit 1 06. More
specifically, the image displaying device driver 240 is a program which implements a draw instruction issued by the

operating system 210, by reading out and writing information from and into internal registers of the display controller

105 and the display memory unit 106. It should be noted that the internal registers themselves are not shown in the fig-

so ure.

The application program 200 is provided with area-attribute-information generating means 201. When there is

detected a need to change the display attribute of the specific area on the display screen of the image displaying appa-

ratus 1 10, area-attribute information 250 for changing the display attribute of the specific area on the display screen of

the image displaying apparatus 1 10 is generated in the application program 200 and passed to the operating system
55 210 by the area-attribute-information generating means 201

.

The operating system 210 comprises display-attribute-change control means 21 1, area-attribute-information gen-

erating means 212, and area-attribute-information acquiring means 213. The display-attribute-change control means
21 1 controls the entire display-attribute-change processing of the information processing apparatus 100 by making an
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inquiry into an ability of the image displaying apparatus 11 0 to display an image on a specific area on its display screen,

by changing the display attribute of the specific area, and by receiving a response to the inquiry. The area-attribute-

information generating means 212 generates area-attribute information 251 in the operating system 210 when there is

detected a need to change the display attribute. The area-attribute-information acquiring means 213 acquires the area-

attribute information 250 generated by the area-attribute-information generating means 201 of the application program

200.

In addition, the USB device driver 230 and the image displaying device driver 240 are included in the operating sys-

tem 210. The USB device driver 230 converts area-attribute information 251 and image-displaying-apparatus informa-

tion 260 into USB data packets and vice versa in accordance with USB standards, and exchanges image-displaying-

apparatus information 261 between the information processing apparatus 1 00 and the image displaying apparatus 110.

The image displaying device driver 240 stores data to be displayed in the display-memory unit 106.

The USB controller 107 is controlled by the USB device driver 230 so that the USB controller 107 transmits to the

image displaying apparatus 110 the inquiry into the ability of the image displaying apparatus 110 to display an image

on a specific area on its display screen by changing a display attribute of the specific area, whereas the image display-

ing apparatus 110 transmits, in response to the inquiry, a report to the USB controller 107 indicating the capability of

the image displaying apparatus 1 1 0 to so display an image.

It should be noted that, in the area-attribute information 250 and the image-displaying-apparatus information 260,

information similar to that shown in Tables 1 to 4 can be used. In addition, a non-USB means such as a DDC means

can be used for exchanging the area-attribute information 250 and the image-displaying-apparatus information 260

between the information processing apparatus 100 and the image displaying apparatus 110, as is indicated in the

description of the first embodiment.

The following is a description of pieces of processing which are carried out by the application program 200 and the

operating system 210 according to the present embodiment when a.display attribute of a specific area on a display

screen of the image displaying apparatus 110 is changed.

Fig. 28 is a flowchart showing a procedure of initialization processing carried out by the operating system 210 in

the present embodiment. The initialization processing carried out by the operating system 210 modifies a display

attribute carried out by the operating system 210. The initialization begins with a step 1401 at which the power supply

of the information processing apparatus 100 is turned on. As the power supply is turned on, at a step 1411, the USB
device driver 230 initializes the USB controller 107.

The flow then proceeds to a step 1402 at which the display-attribute-change control means 21 1 of the operating

system 210 makes the inquiry into the ability of the image displaying apparatus 110 to modify the display attribute

through the USB driver 230 (that is, an inquiry into, among other things, whether a display-attribute changing means

2601 is provided in the image displaying apparatus 1 10).

Receiving the inquiry, the USB driver 230 creates a packet containing the inquiry, and sends the inquiry packet to

the image displaying apparatus 1 1 0 by way of the USB controller 1 07 as an inquiry signal at a step 2801

.

The image displaying apparatus 110 receives the inquiry signal transmitted by the information processing appara-

tus 100 by way of the USB controller 115, and creates a packet containing image-displaying-apparatus information 261

to indicate that a display-attribute changing means 2601 is provided in the image displaying apparatus 110. The packet

is then sent to the information processing apparatus 1 00 by way of the USB controller 1 1 5 as a report signal in response

to the inquiry packet.

The information processing apparatus 1 00 receives the report signal transmitted by the image displaying apparatus

1 10 by way of the USB controller 1 07. In step 2801 , the USB device driver 230 of the information processing apparatus

100 receives the image-displaying-apparatus information 261 transmitted by the image displaying apparatus 110 by

way of the USB controller 107, and passes on the image-displaying-apparatus information 261 to the display-attribute-

change control means 21 1 as image-displaying-apparatus information 262.

At a step 1403, the display-attribute-change control means 21 1 references the image-displaying-apparatus infor-

mation 262 received at the step 1402, to determine whether the image displaying apparatus 1 10 is capable of modifying

a display attribute of a specific area. If the image displaying apparatus 1 10 is determined to be capable of modifying a

display attribute of a specific area, the flow goes on to a step 1404 at which an attribute change flag is set to indicate

that a display attribute of a specific area can be changed.

If the result of the step 1 403 indicates that the image displaying apparatus 1 1 0 is not capable of modifying a display

attribute of a specific area, or if no image-displaying-apparatus information 262 is transmitted from the image displaying

apparatus 1 10, a display attribute of a specific area is considered to be unchangeable and the initialization processing

is ended without setting the attribute change flag cited above.

Fig. 29 is a flowchart showing a procedure carried out by the application program 200 to modify a display attribute

in the present embodiment. The procedure is a series of operations performed by the application program 200 to modify

a display attribute so as to display a window for reproducing dynamic-image data at a high contrast.

The flowchart begins with a step 1501 at which the user invokes the application program 200 for reproducing
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dynamic-image data. The flow then goes on to a step 1 502 at which the application program 200 makes an inquiry to

the operating system 210, about a list of files in a recording medium storing dynamic-image data.

In response to the inquiry, the operating system 210 opens a file menu at a step 151 1. As the list of files storing

dynamic-image data is displayed, the user selects a file storing dynamic-image data from the list:

s The flow then goes on to a step 1503, at which the application program 200 issues a draw instruction to the oper-

ating system 21 0, to display a window for displaying a dynamic image. At the request made by the application program

200, the operating system 210 requests the image displaying device driver 240 to display the window for displaying a
dynamic image by using area information specified in the draw instruction, at a step 1512.. As a result, the window for

displaying a dynamic image is displayed on the image displaying apparatus 1 10 by the image displaying device driver

10 240, by storing the dynamic-image data in the display memory unit 106 at a step 2901

.

The flow then proceeds to a step 1504 at which the area-attribute-information generating means 201 of the appli-

cation program 200 issues a contrast-increasing instruction to the operating system 210, requesting the operating sys-

tem 210 to increase the contrast of the window in which the dynamic image is to be displayed, at the step 1503. More
specifically, the area-attribute-information generating means 201 transfers area-attribute information 250 comprising

75 area information specified when displaying the window, and attribute information showing a contrast value of the

dynamic data specified in advance as a run-time parameter, to the image displaying apparatus 1 10 through the operat-

ing system 210, in order to increase the contrast of the window for displaying the dynamic image.

At a step 1513, the display-attribute-change control means 21 1 of the operating system 210 receives the contrast-

increasing instruction from the application program 200 by way of the area-attribute-information acquiring means 213.

20 Receiving the instruction, the area-attribute-information acquiring means 213 references the attribute change flag set

at initialization and, if the image displaying apparatus 1 10 is capable of changing a display attribute of a specific area

on a display screen thereof, area-attribute information 251 is supplied to the image displaying device driver 240, making

a request to increase the contrast of the window in which the dynamic image is to be displayed.

At the request described above, the image displaying device driver 240 sets the area-attribute information 251 used

25 for increasing the contrast in a color-information control register, area start-position registers, and area end-position

registers of the display controller 105, at a step 2902.

Receiving the area-attribute information 251, the display controller 105 determines a specific area in which

dynamic-image data is to be displayed by using the area judging means 2600, sending an attribute control signal to the

image displaying apparatus 1 1 0 indicating the contrast value of the specific area on the display screen of the image dis-

30 playing apparatus 1 10, along with an image signal conveying the dynamic-image data.

The flow then continues to a step 1505 at which the application program 200 reproduces the dynamic image in the

window, the display attribute of which was modified to a high contrast value for the dynamic-image data. The flow then

goes on to a step 1 506 at which the application program examines whether the dynamic-image data has all been repro-

duced. If any dynamic-image data remains to be reproduced, the flow returns to the step 1505. If the dynamic-image

35 data has all been reproduced, on the other hand, the flow proceeds to a step 1507.

After reproducing all the dynamic-image data, at the step 1507, the area-attribute-information generating means
201 of the application program 200 generates area-attribute information 250 for returning the display attribute of the

window displaying the dynamic image to the default value, and issues a default-contrast restoring instruction to the

operating system 210.

40 At a step 1514, the display-attribute-change control means 21 1 of the operating system 210 receives the default-

contrast restoring instruction from the application program 200 by way of the area-attribute-information acquiring means
213. After the instruction has been received, area-attribute information 251 for restoring the display attribute to the

default contrast is supplied to the image displaying device driver 240.

At the request described above, the image displaying device driver 240 sets the area-attribute information 251 used

45 for restoring the contrast of the specified window to the default value in the color-information control register, the area

start-position registers, and the area end-position registers of the display controller 105, at a step 2903.

The flow then goes on to a step 1508 at which the application program 200 sends an instruction to the operating

system 210 to close the window in which the dynamic image was displayed. Receiving the instruction, the operating

system 210 deletes the window at a step 1515. As the window is deleted, the application program 200 terminates the

50 procedure of reproducing the dynamic-image data.

Fig. 30 is a diagram showing the color-information control register, the area start-position registers, and the area

end-position registers employed in the present embodiment. To be more specific, the color-information control register

is shown in Fig. 30(a), and the area start-position registers and the area end-position registers. are shown in Fig. 30(b).

The color-information control register shown in Fig. 30(a) contains attribute information indicating whether the contrasts

55 of pieces of data to be displayed in areas 0 to 3 are to be changed. On the other hand, the area start-position registers

and the area end-position registers shown in Fig. 30(b) contain area information for the four areas, the attribute infor-

mation for which is stored in the color-information control register shown in Fig. 30(a).

The color-information control register shown in Fig. 30(a) is eight bits in width, comprising four two-bit control fields
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for the four areas 0 to 3. Each of the four two-bit control fields is denoted by CCX1 and CCXO, where X is the area
number ranging from 0 to 3. For (CCX1, CCXO) = (0, 0), the control is turned off, setting the contrast of the area at an
ordinary value. For (CCX1 , CCXO) = (0, 1 ), the control is turned on, setting the contrast of the area at twice the ordinary

value. For (CCX1 , CCXO) = (1, 0), the control is turned on, setting the contrast of the area at three times the ordinary

5 value. For (CCX1
,
CCXO) = (1, 1), the control is turned on, setting the contrast of the area at four times the ordinary

value.

The area start-position registers and the area end-position registers shown in Fig. 30(b) are each 32 bits in width.

An area-0 start-position register comprises a 16-bit field X0S representing an X-direction start position, and a 16-bit

field Y0S representing a Y-direction start position. Area-1, area-2 and area-3 start-position registers have the same
10 configuration as the area-0 start-position register.

An area-0 end-position register comprises a 16-bit field X0E representing an X-direction end position, and a 16-bit

field Y0E representing a Y-direction end position. Area-1, area-2 and area-3 end-position registers have the same con-
figuration as the area-0 end-position register.

Fig. 31 is a diagram showing the internal configuration of the display controller 105 employed in the present embod-
15 iment. As shown in the figure, in the display controller 105, a color-information controller 2400 generates an attribute

control signal 2500 for changing a display attribute of an image signal. In the CRT display 322 which serves as the

image displaying apparatus 1 10, a display attribute such as the contrast can be adjusted by using the attribute control

signal 2500. In addition, display attributes such as the brightness, the chromaticity, the y characteristic and the RGB
level can also be controlled.

20 The attribute control signal 2500 generated from the color-information controller 2400 is transmitted to the image
displaying apparatus 110 through an available signal line in a cable for transmitting an image signal. It should be noted
that the attribute control signal can also be transmitted to the image displaying apparatus 110 through the USB control-

ler 107.

The display controller 105 includes a CPU interface controller 2100 for controlling accesses between the CPU 101
25 and the display controller 105, and a display-memory interface controller 2200 for controlling accesses between the dis-

play controller 105 and the display memory unit 106.

When data is set by the CPU 101 in the display memory unit 106 or, conversely, when data is read out by the CPU
101 from the display memory unit 106, the data is transferred through a path between the CPU 101 and the display

memory unit 1 06 comprising a host bus 301 , a memory controller 302, a system bus 306 and the display controller 1 05
30 composed of the CPU interface controller 2100 and the display-memory interface controller 2200.

In addition, the CPU interface controller 2100 also controls operations carried out by the CPU 101 to set and read
out data in and from registers in the CRT controller 2300 and the color-information controller 2400.

The CRT controller 2300 generates a horizontal synchronization signal HSYNC and a vertical synchronization sig-

- nal VSYNC. In addition, the CRT controller 2300 supplies position information 2350 for reading out data to be displayed
35 to the display-memory interface controller 2200, and reads out raw display data 2203, data required in displaying data,

from the display memory unit 106.

Fig. 32 is a diagram showing the internal configuration of the color-information controller 2400 employed in the
present embodiment. As shown in the figure, the color-information controller 2400 is provided with area start- and end-
position registers serving as storage means, in which is set the area-attribute information 251 for changing a display

40 attribute of a specific area on the display screen of the image displaying apparatus 110, and a color-information control

register 2640.

It should be noted that even though only the area-0 start-position register 2610 and an area-0 end-position register

2620 are shown in the figure, the area start- and end-position registers for the areas 1 to 3 are also provided in the same
way as the area 0.

45 The area-attribute information 251 coming from the CPU 101 is set in the area-0 start- and end-position registers

2610 and 2620, as well as the color-information control register 2640 by a data signal 2102 coming from the CPU inter-

face controller 2100.

Corresponding to the area judging means 2600, a comparator 2630 compares position information 2350 coming
from the CRT controller 2300 with data 261 1 set in the area-0 start-position register 2610 and data 2621 set in the area-

50 0 end-position register 2620, and outputs a control signal 2631 representing a result of the comparison.
In the color-information controller 2400, data 2641 set in the color-information register 2640 is supplied to a multi-

plexer 2559 and a DAC 2560. An analog signal 2541 resulting from digital-to-analog conversion of the data 2641 by the

DAC 2560 is supplied to a multiplexer 2550. Control signals 2558 and 2551 output by the multiplexers-2559 and 2550
are supplied to a multiplexer 2650 for generating an attribute control signal 2500. The operations of the multiplexers

55 2559 and 2550 are controlled by the control signal 2631 output by the comparator 2630.

The multiplexer 2550 is controlled by the control signal 2631 to select the analog signal 2541 resulting from digital-

to-analog conversion of the data 2641 set in the color-information register 2640 by the DAC 2560. if the position infor-

mation 2350 of the CRT controller 2300 is within the range of the area 0 (that is. if the area information in the X direction
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is equal to or greater than XOS and equal to or smaller than XOE, whereas the area information in the Y direction is

equal to or greater than YOS and equal to or smaller than YOE), outputting the analog signal 2541 as the control signal

2551 . Otherwise, the multiplexer 2550 outputs "0".

Similarly, the multiplexer 2559 is controlled by the control signal 2631 to select the data 2641 set in the color-infor-

5 mation register 2640 if the position information 2350 of the CRT controller 2300 is within the range of the area 0, (that

is, if the area information in the X direction is equal to or greater than XOS and equal to or smaller than XOE, whereas
the area information in the Y direction is equal to or greater than YOS and equal to or smaller than YOE), outputting the

data 2641 as the control signal 2558. Otherwise, the multiplexer 2550 outputs "0".

** The multiplexer 2650 selects one of the control signals 2558 and 2551 in accordance with a control signal 2700, and
w outputs the selected control signal as an attribute control signal 2500. The control signal 2700 can be fixed in advance

or controlled in dependence on the type of the CRT display unit 322 connected to the information processing apparatus

100.

Fig. 33 is a diagram showing the internal configuration of a pallet 2520 used in the present embodiment As shown
in the figure, the pallet 2520 includes a pallet RAM 2526 for storing data to be displayed in eight-bit blocks. The data to

15 be displayed comprises 16 blocks of red data R (R0 to R15), 16 blocks of green data G (GO to G15) t
and 16 blocks of

blue data B (B0 to B15). Each data block is set by a data signal 2102 generated by the CPU interface controller 2100.

A multiplexer 2529 selects one of the red-data blocks R0 to R15 in accordance with four-bit raw display data 2203,

outputting the selected block as digital data 2521. Similarly, a multiplexer 2528 selects one of the green-data blocks GO
to G15 in accordance with the four-bit raw display data 2203, outputting the selected block as digital data 2522, and a

20 multiplexer 2527 selects one of the blue-data blocks B0 to B15 in accordance with the four-bit raw display data 2203,

outputting the selected block as digital data 2523.

Fig. 34 is a diagram showing the internal configuration of the comparator 2630. As shown in the figure, the compa-
rator 2630 includes a comparator 2632 for comparing X-direction data of the position information 2350 with the contents

XOS of the area-0 start-position register 2610. If the X-direction data of the position information 2350 is equal to or

25 greater than the contents XOS of the area-0 start-position register 2610, the comparator 2632 sets a signal 26320 out-

put thereby at "1". Otherwise, the comparator 2632 sets the signal 26320 at "0".

In addition, the comparator 2630 also includes a comparator 2633 for comparing the X-direction data of the position

information 2350 with the contents XOE of the area-0 end-position register 2620. If the X-direction data of the position

information 2350 is equal to or smaller than the contents XOE of the area-0 end-position register 2620, the comparator

30 2633 sets a signal 26330 output thereby at "1". Otherwise, the comparator 2633 sets the signal 26330 at "0".

Further, the comparator 2630 also includes a comparator 2634 for comparing the Y-direction data of the position

information 2350 with the contents YOS of the area-0 start-position register 2610. If the Y-direction data of the position

information 2350 is equal to or greater than the contents YOS of the area-0 start-position register 2610, the comparator

2634 sets a signal 26340 output thereby at "1". Otherwise, the comparator 2634 sets the signal 26340 at "0".

35 Furthermore, the comparator 2630 includes a comparator 2635 for comparing the Y-direction data of the position

information 2350 with the contents YOE of the area-0 end-position register 2620. If the Y-direction data of the position

information 2350 is equal to or smaller than the contents YOE of the area-0 end-position register 2620, the comparator

2632 sets a signal 26350 output thereby at "1". Otherwise, the comparator 2632 sets the signal 26350 at "0".

An AND gate 2636 employed in the comparator 2630 sets a signal 26361 output thereby at "1" when both the sig-

40 nals 26320 and 26330 are "1 that is, when the X-direction data of the position information 2350 is equal to or greater

than XOS and equal to or smaller than XOE.

Similarly, an AND gate 2637 employed in the comparator 2630 sets a signal 26371 output thereby at
M 1 " when both

the signals 26340 and 26350 are "1", that is, when the Y-direction data of the position information 2350 is equal to or

greater than YOS and equal to or smaller than YOE.
45 An AND gate 2638 employed in the comparator 2630 sets a control signal 2631 output thereby at "1" when both

the signals 26361 and 26371 are 'T\ that is, when the X-direction data of the position information 2350 is equal to or

greater than XOS and equal to or smaller than XOE and, at the same time, the Y-direction data of the position information

2350 is equal to or greater than YOS and equal to or smaller than YOE. That is to say, only when the X-direction data of

the position information 2350 coming from the CRT controller 2300 is equal to or greater than XOS and equal to or

so smaller than XOE and, at the same time, the Y-direction data of the position information 2350 is equal to or greater than

YOS and equal to or smaller than YOE. is the control signal 2631 set to "1".

Fig. 35 is a timing chart for the operations carried out by the color-information controller 2400 employed in the

present embodiment. As shown in the figure, in the operation of the color-information controller 2400, the attribute con-

trol signal 2500 is output in synchronization with the pieces of analog display data 2501 to 2503. In the CRT display unit

55 322, it is possible to adjust display attributes such as the contrast by using the pieces of analog display data 2501 to

2503 and the attribute control signal 2500. in addition, other display attributes, such as the brightness, the chromaticity,

the y characteristic, and the RGB levels can also be adjusted.

In this way, a display attribute of any arbitrary area on the display screen of the image displaying apparatus can be
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controlled by using the area-0 start-position register 2610, the area-0 end-position register 2620, and the color-informa-

tion control register 2640.

So far, the image displaying system implemented by the present embodiment has been explained by focusing only

on the area 0. It should be noted that display attributes of a plurality of arbitrary areas 1 , 2, and 3 can also each be con-

5 trolled by using an area start-position register, an area end-position register, and the color-information control register

2640, in the same way as the area 0.

Fig. 36 is a diagram showing a preferred implementation of the image displaying apparatus 110 provided by the

present embodiment More particularly, the figure shows a preferred implementation of a display-attribute changing

means 2601 employed in the image displaying apparatus 110 for changing a display attribute of an image signal on the

10 image-displaying apparatus side. As shown in the figure, the attribute control signal 2500 transmitted from the informa-

tion processing apparatus 100 byway of a buffer/DAC 3600 is supplied to the variable power supply 2306. The variable

power supply 2306 is controlled by the attribute control signal 2500.

When the attribute control signal 2500 for a specific area on a display screen of the image displaying apparatus

1 10, in which data is to be displayed, is received from the information processing apparatus 100, the display-attribute

75 changing means 2601 employed in the image displaying apparatus 1 1 0 changes a display attribute of only the specific

area. For example, the display-attribute changing means 2601 increases the contrast of the image B.

As described above, according to the image displaying apparatus implemented by the present embodiment, the

information processing apparatus 100 determines data to be displayed in a specific area on a display screen of the

image displaying apparatus 110, transmitting an image signal and the attribute control signal 2500 for the image signal

20 to the image displaying apparatus 110, whereby a display attribute of the data to be displayed is changed. As a result,

processing to modify a display attribute of a specific area on a display screen of the image displaying apparatus 110

can be distributed among the information processing apparatus 100 and the image displaying apparatus 110.

Third Embodiment
25

The following is a description of an image displaying system implemented by a third embodiment of the invention.

In this third embodiment, after the attribute information is developed and stored as attribute data, the data to be dis-

played and the attribute data for the data to be displayed are read out from the display memory unit and transferred from

the information processing apparatus to the image displaying apparatus for display of the data to be displayed in the

30 specific area, by modifying a display attribute of the specific area.

Fig. 37 is a diagram showing the configuration of the image displaying system implemented by the present embod-

iment. As shown in the figure, the image displaying system comprises an information processing apparatus 100 pro-

vided with a display memory unit 106 for storing data to be displayed and attribute data, and an image displaying

apparatus 110 having a display-attribute changing means 2601 for changing a display attribute of an image signal. The

35 image displaying apparatus 1 10 is connected to the information processing apparatus 100.

In the image displaying system implemented by the present embodiment, the display controller 105 employed in

the information processing apparatus 100 reads out data to be displayed and attribute data from the display memory

unit 106, transmitting an image signal and an attribute control signal 2500 from the information processing apparatus

100 to the image displaying apparatus 110. In the image displaying apparatus 1 10, the data is displayed after the dis-

40 play-attribute changing means 2601 changes the display attribute.

The CPU 101 employed in the image processing apparatus 100 controls the entire information processing appara-

tus 100. More specifically, the CPU 101 controls the information processing apparatus 100 as a whole by actually inter-

preting and executing an application program 200, an operating system 210, and a group of programs such as a USB
device driver 230 and an image displaying device driver 240, which are loaded into the main memory unit 102.

45 In addition, the information processing apparatus 100 includes an HDD 103 for storing software such as the appli-

cation program 200, the operating system 210, a GUI program, an API program, the USB device driver 230, and the

image displaying device driver 240. The information processing apparatus 1 00 is also provided with a DVD 104 for stor-

ing texts as well as display data of static and dynamic images to be displayed on the image displaying apparatus 110.

Further, the information processing apparatus 100 also has a display controller 105 and a display memory unit 106.

so The display controller 1 05 controls a write operation for writing data to be displayed on the image displaying apparatus

110 into the display memory unit 106, and a read operation for reading out the data from the display memory unit 106

as an image signal to be transmitted to the image displaying apparatus 1 10. An attribute control signal 2500 for modi-

fying a display attribute contained in the image signal is generated from attribute data which has been developed in the

display memory unit 106 on the basis of area-attribute information 251. The attribute control signal 2500 is also trans-

55 mitted to the image displaying apparatus 110.

The display memory unit 106 employed in the information processing apparatus 100 includes a storage portion in

which attribute information in a specific area on a display screen of the image displaying apparatus 1 10 is developed.

The specific area is indicated by the area-attribute information 251 for changing a display attribute of the specific area.
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The information processing apparatus 1 00 is also provided with a USB controller 1 07 for transmitting an inquiry sig-

nal to the image displaying apparatus 110 and receiving a report signal, in response to the inquiry signal, from the

image displaying apparatus 110.

The image displaying apparatus 110 comprises a CPU 1 1 1 and a ROM 1 1 2. The CPU 1 1 1 controls the image dis-

5 playing apparatus 1 10 as a whole by interpretation and execution of a control program stored in a storage area of the

ROM 112. It should be noted that the control program itself is not shown in the figure.

The ROM 112 employed in the image displaying apparatus 1 10 stores information on the image displaying appa-
ratus 110. This information indicates whether the image displaying apparatus 110 has a display-attribute changing

means 2601, (that is, whether the image displaying apparatus 110 has the capability of displaying an image on a spe-
io crfic area on the display screen thereof by changing a display attribute of the specific area). The display-attribute chang-

ing means 2601 changes a display attribute of an image signal input to the image displaying apparatus 110 in

accordance with an attribute control signal.

in addition, the image displaying apparatus 110 also employs a USB controller 115, which serves as a counterpart

of the USB controller 107 employed in the information processing apparatus 100. More specifically, the USB controller

15 115 receives an inquiry signal from the information processing apparatus 100 and transmits a report signal, in response

to the inquiry signal, to the information processing apparatus 100. The inquiry signal is used to determine whether the

image displaying apparatus 110 can display an image on a specific area on the display screen thereof by changing a

display attribute of the specific area in accordance with USB standards.

Fig. 38 is a diagram showing an outline of a procedure carried out by the image displaying system implemented by
20 the present embodiment. As shown in the figure, the image displaying system has an image displaying device driver

240 and an area judging means 3800 in the information processing apparatus 100, in addition to a display-attribute

changing means 2601 for changing a display attribute in accordance with an image signal and an attribute control signal

in the image displaying apparatus 110. The area judging means 3800 and the display-attribute changing means 2601

correspond to the specific-area display-attribute changing means 113.

25 The application program 200 in the information processing apparatus 100 comprises a GUI, which is visible to the

operator who operates the information processing apparatus 100, and which serves as an interface with the operating

system 210.

The operating system 210 in the information processing apparatus 100 is a basic program serving as the nucleus

of the image displaying system. More specifically, the operating system 210 connects the application program 200 with

30 program members directly controlling hardware such as a USB device driver 230 and the image displaying device driver

240.

The image displaying device driver 240 in the information processing apparatus 100 is positioned between the

operating system 210 and hardware members such as the device controller 105 and the display memory unit 106. More
specifically, the image displaying device driver 240 is a program which implements a draw instruction issued by the

35 operating system 21 0 by reading out and writing information from and into internal registers of the display controller 1 05
and the display memory unit 106. It should be noted that the internal registers themselves are not shown in the figure.

The application program 200 is provided with an area-attribute-information generating means 201 . When there is

detected a need to change a display attribute of a specific area on the display screen of the image displaying apparatus

1 10, area-attribute information 250 for changing the display attribute of the specific area is generated in the application

40 program 200 and passed to the operating system 210 by the area-attribute-information generating means 201

.

The operating system 210 comprises display-attribute-change control means 21 1 , area-attribute-information gen-

erating means 212, and area-attribute-information acquiring means 213. The display-attribute-change control means
21 1 controls the entire display-attribute-change processing of the information processing apparatus 100 by making an
inquiry about an ability of the image displaying apparatus 110 to display an image on a specific area on the display

45 screen thereof by changing a display attribute of the specific area and receiving a response to the inquiry. The area-

attribute-information generating means 212 generates area-attribute information 251 in the operating system 210 when
there is detected a need to change a display attribute of the specific area. The area-attribute-information acquiring

means 213 acquires the area-attribute information 250 generated by the area-attribute-information generating means
201 of the application program 200.

so In addition, the USB device driver 230 and the image displaying device driver 240 are included in the operating sys-

tem 210. The USB device driver 230 converts area-attribute information 251 and image-displaying-apparatus informa-

tion 260 into USB data packets and vice versa in accordance with USB standards, and exchanges image-displaying-

apparatus information 261 between the information processing apparatus 1 00 and the image displaying apparatus 110.

The image displaying device driver 240 stores data to be displayed in the display-memory unit 106.

55 The USB controller 1 07 is controlled by the USB device driver 230 so that the inquiry about the ability of the image
displaying apparatus 1 10 to display an image on a specific area on its display screen by changing a display attribute of

the specific area is transmitted from the USB controller 107 to the image displaying apparatus 110, whereas a report

indicating the ability of the image displaying apparatus 1 10 to display such an image on a specific area on the display
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screen thereof is also received by the USB controller 107 in response to such an inquiry.

The area judging means 3800 employed in the image displaying device driver 240 forms a judgment as to whether

display data stored in the display memory unit 106 is of a specific area, a display attribute of which is to be changed, on

the display screen of the image displaying apparatus 110 based on the area-attribute information 251. If the display

data stored in the display memory unit 106 is of such a specific area, the area judging means 3800 stores attribute data

in a storage portion at a specific address in the display memory unit 106 associated with the data to be displayed. In

the storage portion, the area-attribute information 251 for changing a display attribute of the specific area on the display

screen of the image displaying apparatus 1 10 is developed.

It should be noted that, in the area-attribute information 250 and the image<Jisplaying-apparatus information 260

of the image displaying system implemented by the present embodiment, information similar to that shown in Tables 1

to 4 can be used. In addition, as a communication means for exchanging the area-attribute information 250 and the

image-displaying-apparatus information 260 between the information processing apparatus 100 and the image display-

ing apparatus 1 10, a non-USB means such as a DDC means can be used as is shown in the description of the first

embodiment.

The following is a description of pieces of processing which are carried out by the application program 200 and the

operating system 210 in the image displaying system implemented by the present embodiment when a display attribute

of a specific area on a display screen of the image displaying apparatus 1 10 is changed. It should be noted that the ini-

tialization carried out by the operating system 210 is the same as that of the second embodiment.

Fig. 39 is a flowchart showing a procedure carried out by the application program 200 in the present embodiment

to modify a display attribute. The procedure carried out by the application program 200 is a series of operations to

increase the contrast of a window for displaying a dynamic image reproduction of the dynamic-image data by the appli-

cation program 200.

The procedure begins with a step 1501 at which the user invokes the application program 200 for reproducing the

dynamic-image data. The flow then goes on to a step 1502 at which the application program 200 makes an inquiry to

the operating system 210 about a list of files in a recording medium storing dynamic-image data.

In response to the inquiry, the operating system 210 opens a file menu at a step 151 1 . As the list of files storing

dynamic-image data are displayed, the user selects a file from the list that the user wants to reproduce.

The flow then goes on to a step 1503 at which the application program 200 issues a draw instruction requesting the

operating system 21 0 to display a window for displaying a dynamic image. At the request made by the application pro-

gram 200, the operating system 210 requests the image displaying device driver 240 to display the window by using

area information specified in the draw instruction, at a step 1 51 2. As a result, the window is displayed on the image dis-

playing apparatus 1 1 0 by the image displaying device driver 240 by storing the dynamic-image data in the display mem-
ory unit 106, at a step 2901

.

The flow then proceeds to a step 1 504 at which the area-attribute-information generating means 201 of the appli-

cation program 200 issues a contrast-increasing instruction to the operating system 210, requesting the operating sys-

tem 210 to increase the contrast of the window in which the dynamic image is to be displayed. More specifically, the

area-attribute-information generating means 201 transfers area-attribute information 250 comprising area information

specified when displaying the window and attribute information showing a contrast value of the dynamic data specified

in advance as a run-time parameter, to the image displaying apparatus 1 10 through the operating system 210, in order

to increase the contrast of the window in which the dynamic image is to be displayed.

At a step 1513, the display-attribute-change control means 21 1 of the operating system 210 receives the contrast-

increasing instruction from the application program 200 by way of the area-attribute-information acquiring means 213.

Receiving the instruction, the area-attribute-information acquiring means 213 references the attribute change flag set

at initialization and, if the image displaying apparatus 1 10 is capable of changing a display attribute of a specific area

on its display screen, area-attribute information 251 is supplied to the image displaying device driver 240, making a

request to increase the contrast of the window for displaying a dynamic image to the image displaying device driver 240.

At the request described above, the area judging means 3800 of the image displaying device driver 240 determines

the specific area for displaying dynamic-image data, develops attribute information indicating a contrast value of the

specific area in the display memory unit 106 for the dynamic-image data, and stores the attribute data at a step 3901

.

The display controller 105 reads out the attribute data developed in the display memory unit 106, and transfers the

attribute data to the image displaying apparatus 110 along with the dynamic-image data.

The flow then continues to a step 1505 at which the application program 200 reproduces the dynamic image on the

specified window, the dispilay attribute of which was modified to a high contrast value for the dynamic-image data. The

flow then goes on to a step 1506 at which the application program examines whether the dynamic-image data has all

been reproduced. If any dynamic-image data remains to be reproduced, the flow returns to the step 1505. If the

dynamic-image data has all been reproduced; on the other hand, the flow proceeds to a step 1 507.

After reproducing all the dynamic-image data, at the step 1507, the area-attribute-irtformation generating means
201 of the application program 200 generates area-attribute information 250 for returning the display attribute of the
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window displaying the dynamic image to the default value, issuing a default-contrast restoring instruction to the operat-

ing system 210.

At a step 1514, the display-attribute-change control means 21 1 of the operating system 210 receives the default-

contrast restoring instruction from the application program 200 by way of the area-attribute-information acquiring means
5 213. Receiving the instruction, area-attribute information 251 for restoring the display attribute to the default contrast is

supplied to the image displaying device driver 240, making a request to the image displaying device driver 240 to carry

out restoration of the display attribute to the default value (that is, to restore the display attribute of the specified window
to the default contrast).

At the request described above, the image displaying device driver 240 develops attribute information indicating the
io default contrast value of the specific area in a storage portion of the display memory unit 106 for the dynamic-image

data, stores the attribute data, and restores the contrast of the specified window to the default value, at a step 3902.
The flow then goes on to a step 1508 at which the application program 200 sends an instruction to the operating

system 210 to close the window in which the dynamic image was displayed. Receiving the instruction, the operating

system 210 deletes the window at the step 1515. As the window is deleted, the application program 200 terminates the

is procedure of reproducing the dynamic-image data.

In the image displaying system implemented by the present embodiment, attribute data resulting from development
of attribute information stored in the color-information control register 2640 in the second embodiment is stored in the

display memory unit 106 along with the corresponding data to be displayed. Representative layouts of the data to be
displayed. and the attribute data stored in the display memory unit 106 are a plane system like that shown in Fig. 40,

20 and a packed-pixel system like that shown in Fig. 41

.

Fig. 40 is a diagram showing the plane system of the layout of the data to be displayed and the attribute data stored

in the display memory unit 106 in the present embodiment. As shown in the figure, the display memory unit 106 has a
storage portion in which display data and attribute data of a picture element are laid out in the depth direction. For exam-
ple, four-bit display data (POO, P01 , P02 and P03) and two-bit attribute data (COO and C01) pertain to a picture element,

25 whereas four-bit display data (P10, P1 1, P12 and P13) and two-bit attribute data (C10 and C1 1) pertain to an adjacent

picture element. Thus, each picture element comprises a total of six bits.

Fig. 41 is a diagram showing the packed-pixel system of the layout of the data to be displayed and the attribute data

stored in the display memory unit 106 in the present embodiment. As shown in the figure, the display memory unit 106
has a storage portion in which display data and attribute data of a picture element are laid out contiguously in the width

30 direction. For example, four-bit display data (pOO, P01, P02 and P03) and two-bit attribute data (COO and C01) pertain

to a picture element, whereas four-bit display data (P10, P1 1 , P12 and P13) and two-bit attribute data (C10 and C1 1)

pertain to an adjacent picture element. Thus, each picture element comprises a total of six bits.

If the user wants to change display attributes, such as the contrast and the sharpness of the image displaying appa-
ratus 110 (which may be either a CRT display unit 322 or a liquid-crystal display unit 323), display data (POO, P01 etc.)

35 and attribute data (C00, C01 etc.) are developed in the memory display unit 106 by using the area judging means 3800
of the image displaying device driver 240 of the operating system 210.

Fig. 42 is a diagram showing the internal configuration of the display controller 105 employed by the present

embodiment. As shown in the figure, attribute data 2202 is input from the display memory unit 106 and attribute control

information 2500 is generated by the color-information controller 2400. In the CRT display unit 322 (which serves as the

40 image displaying apparatus 1 1 0 in the present example), it is possible to adjust display attributes, such as the contrast,

by using the attribute control signal 2500. In addition, other display attributes, such as the brightness, the chromaticity,

the y characteristic, and the RGB levels, can be adjusted as well.

The attribute control signal 2500 generated from the color-information controller 2400 is transmitted to the image
displaying apparatus 110 through an available signal line in a cable for transmitting an image signal. It should be noted

45 that the attribute control signal can also be transmitted to the image displaying apparatus 110 through the USB control-

ler 107.

The CRT controller 2300 generates a horizontal synchronization signal HSYNC and a vertical synchronization sig-

nal VSYNC. In addition, the CRT controller 2300 supplies position information 2350 for reading out data to be displayed

to the display-memory interface controller 2200, and reads out raw display data 2203, data required in displaying data.

50 and attribute data 2202 from the display memory unit 1 06.

Fig. 43 is a diagram showing the internal configuration of the color-information controller 2400 employed in the

present embodiment. As shown in the figure, in the color-information controller 2400, either an analog signal 2541

resulting from digital-to-analog conversion of the attribute data 2202 by a DAC 2560 or the attribute data 2202 is

selected by a multiplexer 2550. which outputs the selected one as an attribute control signal 2500.

55 The multiplexer 2550 selects one of the signals in accordance with a control signal 2700. The control signal 2700
can be fixed in advance or controlled by information on the type of the CRT display unit 322 connected to the informa-

tion processing apparatus 100.

Fig. 44 is an operational timing chart of the color-information controller 2400 employed in the present embodiment.
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As shown in the figure, in the operation of the color-information controller 2400, the attribute control signal 2500 is out-

put in synchronization with the pieces of analog display data 2501 to 2503. In the CRT display unit 322 connected to

the information processing apparatus 110, it is possible to adjust display attributes, such as the contrast, by using the

pieces of analog display data 2501 to 2503 and the attribute control signal 2500. In addition, other display attributes,

5 such as the brightness, the chromaticity, the y characteristic, and the RGB levels, can also be adjusted.

In addition, in the image displaying system implemented by the present embodiment, an image displaying appara-

tus 1 10 like that of Fig. 36 provided by the second embodiment can be used as well.

As described above, according to the image displaying system implemented by the present embodiment, the infor-

mation processing apparatus 100 forms a judgment as to whether or not data to be displayed exists in a specific area

10 on a display screen of the image displaying apparatus 110, and attribute data 2202 for the data to be displayed is stored

in the display memory unit 1 06, making it possible to control a display attribute for each pixel. In addition, since the data

to be displayed and the attribute data 2202 are treated on the same column, the amount of restriction on the expression

of the designer who creates a raw image of the data to be displayed is decreased.

In addition, according to the image displaying system implemented by the present embodiment, when the position

15 at which data is displayed is moved, the attribute data 2202 for the displayed data is just moved along with the displayed

data without the need to form a judgment as to whether the displayed data exists in a specific area on a display screen

of the image displaying apparatus 110, making it possible to move at a high speed the data displayed in the specific

area whose display attribute has been changed.

Further, according to the image displaying system implemented by the present embodiment, the attribute data

so 2202 for the data to be displayed is stored in a storage portion of the display memory unit 106. As a result, the attribute

data 2202 can be stored without newly providing a storage means for the attribute data 2202.

Fourth Embodiment

25 The following is description of an image displaying system implemented by a fourth embodiment, wherein a display

attribute of a specific area on a display screen of an image displaying apparatus is changed by an information process-

ing apparatus, and an image signal with a changed display attribute is displayed by the image displaying apparatus.

Fig. 45 is a diagram showing the configuration of an image displaying system implemented by the present embod-

iment. As shown in the figure, the image displaying system comprises an image displaying apparatus and an informa-

30 tion processing apparatus 100 provided with a specific-area-display-attribute changing means 4500 for changing a

display attribute of a specific area on a display screen of the image displaying apparatus 110, which has a modified dis-

play attribute in a specific area, and displaying the image signal. The image displaying apparatus 1 10 is connected to

the information processing apparatus 100.

In the image displaying system implemented by the present embodiment, after the specific-area-display-attribute

35 changing means 4500 employed in the display controller 105 has changed a display attribute for a specific area on a

display screen of an image displaying apparatus 110, an image signal is transmitted from the information processing

apparatus 100 to the image displaying apparatus 1 10 for displaying the image signal.

The CPU 1 01 employed in the image processing apparatus 1 00 controls the entire information processing appara-

tus 100. More specifically, the CPU 101 controls the information processing apparatus 100 as a whole by actually inter-

40 preting and executing an application program 200, an operating system 210, and a group of programs such as a USB
device driver 230 and an image displaying device driver 240, which are loaded into the main memory unit 102.

In addition, the information processing apparatus 100 also includes an HDD 103 for storing software such as the

application program 200, the operating system 210, a GUI program, an API program, the USB device driver 230, and

the image displaying device driver 240. The information processing apparatus 100 is also provided with a DVD 104 for

45 storing texts as well as display data of static and dynamic images to be displayed on the image displaying apparatus

110.

Further, the information processing apparatus 100 also has a display controller 105 and a display memory unit 106.

The display controller 105 controls a write operation for writing data to be displayed on the image displaying apparatus

1 10 into the display memory unit 106, and controls a read operation for reading out the data from the display memory

so unit 106 as an image signal to be transmitted to the image displaying apparatus 110. The display controller 105 has a

plurality of registers serving as a storage means in which area-attribute information 251 for changing a display attribute

of a specific area on the display screen of the image displaying apparatus 1 10 is set. The display controller 105 trans-

mits an image signal with a display attribute thereof changed on the basis of the area-attribute information 251 to the

image displaying apparatus 110.

55 Finally, the information processing apparatus 100 is also provided with a USB controller 107 for transmitting an

inquiry signal to the image displaying apparatus 1 10 and for receiving a report signal, in response to the inquiry signal,

from the image displaying apparatus 110.

The image displaying apparatus 1 10 comprises a CPU 111 and a ROM 1 1 2. The CPU 111 is a processor for con-
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trolling the image displaying apparatus 1 10 as a whole by interpretation and execution of a control program stored in a
storage area of the ROM 11 2. It should be noted that the control program itself is not shown in the figure.

The ROM 112 employed in the image displaying apparatus 110 stores information 260 on the image displaying

apparatus 1 10. Such information indicates whether the image displaying apparatus 110 has a capability of displaying

s an image on a specific area on the screen thereof by changing a display attribute of the specific area.

In addition, the image displaying apparatus 110 also employs a USB controller 115, which serves as a counterpart

of the USB controller 107 employed in the information processing apparatus 100. More specifically, the USB controller

115 receives the inquiry signal from the information processing apparatus 100 and transmits a report signal, in

response to the inquiry signal, to the information processing apparatus 100. The inquiry signal is used to determine
10 whether the image displaying apparatus 110 can display an image on a specific area on the display screen thereof by

changing a display attribute of the specific area in accordance with USB standards.

Fig. 46 is a diagram showing an outline of a procedure carried out by the image displaying system implemented by
the present embodiment. As shown in the figure, the image displaying system has the specific-area-display-attribute

changing means 4500 provided in the information processing apparatus 100 for changing a display attribute of a spe-

is cHic area on the display screen of the image displaying apparatus 110.

The application program 200 in the information processing apparatus 100 comprises a GUI, which is visible to the

operator who operates the information processing apparatus 100, and which serves as an interface with the operating

system 210.

The operating system 210 in the information processing apparatus 100 is a basic program serving as the nucleus

20 of the image displaying system. More specifically, the operating system 21 0 connects the application program 200 with

program members directly controlling hardware such as a USB device driver 230 and the image displaying device driver

240.

The image displaying device driver 240 in the information processing apparatus 100 is positioned between the

operating system 210 and hardware members such as the device controller 105 and the display memory unit 106. More
25 specifically, the image displaying device driver 240 is a program which implements a draw instruction issued by the

operating system 210 by reading out and writing information from and into internal registers of the display controller 105

and the display memory unit 106. It should be noted that the internal registers themselves are not shown in the figure.

The application program 200 in the information processing apparatus 100 is provided with an area-attribute-infor-

mation generating means 201 . When there is detected a need to change a display attribute of a specific area on the

30 display screen of the image displaying apparatus 1 1 0, area-attribute information 250 for changing the display attribute

of the specific area is generated in the application program 200 and passed to the operating system 210 by the area-

attribute-information generating means 201

.

The operating system 210 in the information processing apparatus 100 comprises display-attribute-change control

means 211, area-attribute-information generating means 21 2, and area-attribute-information acquiring means 213. The
35 display-attribute-change control means 211 controls the entire display-attribute-change processing of the information

processing apparatus 100 by making an inquiry about an ability of the image displaying apparatus 1 10 to display an

image on a specific area on the display screen thereof by changing a display attribute of the specific area, and by

receiving a response to the inquiry. The area-attribute-information generating means 212 generates area-attribute infor-

mation 251 in the operating system 210 when there is detected a need to change a display attribute of the specific area.

40 The area-attribute-information acquiring means 213 acquires the area-attribute information 250 generated by the area-

attribute-information generating means 201 of the application program 200.

In addition, the USB device driver 230 and the image displaying device driver 240 are included in the operating sys-

tem 210. The USB device driver 230 converts area-attribute information 251 and image-displaying-apparatus informa-

tion 260 into USB data packets and vice versa in accordance with USB standards, and exchanges image-displaying-

45 apparatus information 261 between the information processing apparatus 1 00 and the image displaying apparatus 110.

The image displaying device driver 240 stores data to be displayed in the display-memory unit 106.

The USB controller 107 is controlled by the USB device driver 230 so that the inquiry is transmitted from the USB
controller 107 to the image displaying apparatus 110. Then, a report indicating the ability of the image displaying appa-

ratus 1 10 to display an image on the specific area on the display screen thereof by changing a display attribute of the

so specific area is transmitted by the image displaying apparatus 1 10 in response to the inquiry and received by the USB
controller 107.

It should be noted that, in the area-attribute information 250 and the image-displaying-apparatus information 260

of the image displaying system implemented by the present embodiment, information similar to that shown in Tables 1

to 4 can be used. In addition, as a communication means for exchanging the area-attribute information 250 and the

55 image-displaying-apparatus information 260 between the information processing apparatus 100 and the image display-

ing apparatus 1 10, a non-USB means such as a DDC means can be used, as is shown in the description of the first

embodiment.

The following is a description of pieces of processing which are carried out by the operating system 210 in the
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image displaying system implemented by the present embodiment when a display attribute of a specific area is

changed. It should be noted that the processing carried out by the application program 200 to change a display attribute

is the same as that performed by the second embodiment.

Fig. 47 is a flowchart showing a procedure of initialization processing carried out by the operating system 210 in

the present embodiment The initialization processing carried out by the operating system 210 modifies a display

attribute carried out by the operating system 210. The initialization begins with a step 1401 at which the power supply

of the information processing apparatus 100 is turned on. After the power supply is turned on, at a step 1411, the USB
device driver 230 initializes the USB controller 107.

The flow then proceeds to a step 1402 at which the display-attribute-change control means 21 1 of the operating

system 210 makes an inquiry, to the image displaying apparatus 1 10 through the USB driver 230, about the capability

of displaying, among other things, a maximum allowable input voltage indicating whether the image displaying appara-

tus 1 10 is capable of displaying an image signal with a modified display attribute in a specific area on a display screen

thereof.

Receiving the inquiry, the USB driver 230 creates a packet containing the inquiry, and sends the inquiry packet to

the image displaying apparatus 1 10 by way of the USB controller 107 at a step 4701

.

The image displaying apparatus 110 receives the inquiry signal transmitted by the information processing appara-

tus 100 by way of the USB controller 115, and creates a packet containing image-displaying-apparatus information 261

to indicate that the image displaying apparatus 1 10 is capable of displaying an image in a specific area on the display

screen thereof by modifying a display attribute of the specific area. The packet is sent to the information processing

apparatus 100 by way of the USB controller 1 15 as a report signal in response to the inquiry packet.

The information processing apparatus 1 00 receives the report signal transmitted by the image displaying apparatus

1 10 by way of the USB controller 107. At the step 4701 , the USB device driver 230 of the information processing appa-

ratus 100 receives the image-displaying-apparatus information 261 transmitted by the image displaying apparatus 110

by way of the USB controller 107, passing on the image-displaying-apparatus information 261 to the display-attribute-

change control means 21 1 as image-displaying-apparatus information 262.

At a step 1403, the display-attribute-change control means 211 references the image-displaying-apparatus infor-

mation 262 received at the step 1402 to find out whether or not the image displaying apparatus 1 1 0 is capable of dis-

playing an image signal with a modified display attribute for a specific area on a display screen of the image displaying

apparatus 1 1 0. If the image displaying apparatus 1 1 0 is found out to be so capable, the flow goes on to a step 1 404 at

which an attribute change flag is set to indicate that an image signal with a modified display attribute in a specific area

on a display screen of the image displaying apparatus 110 can be input.

If, on the other hand, a result of the examination of the image-displaying-apparatus information 262 carried out at

the step 1403 indicates that the image displaying apparatus 1 10 is not capable of displaying an image signal with a

modified display attribute of a specific area on a display screen thereof, or if no image<lisplaying-apparatus information

262 is transmitted from the image displaying apparatus 1 10, a display attribute of a specific area on the display screen

of the image displaying apparatus 1 10 is considered to be unchangeable and the initialization processing is ended with-

out setting the attribute change flag cited above.

After the initialization has been completed, the display-attribute-change control means 21 1 of the operating system

210 receives the contrast-increasing instruction from the application program 200 by way of the area-attribute-informa-

tion acquiring means 213. Receiving the instruction, the area-attribute-information acquiring means 213 references the

attribute change flag set at the initialization and, if the image displaying apparatus 1 1 0 is capable of changing a display

attribute of a specific area on its display screen, area-attribute information 251 is supplied to the image displaying

device driver 240, making a request to increase the contrast of the window for displaying a dynamic image.

At the request described above, the image displaying device driver 240 sets the area-attribute information 251 used

for increasing the contrast values stored in registers employed in the display controller 1 05. In the display controller 1 05,

the received area-attribute information 251 is used by the specific-area-display-attribute changing means 4500 for

determining a specific area on the display screen of the image displaying apparatus 1 10 for displaying dynamic-image

data, and for changing the contrast value of the specific area. An image signal with the display attribute thereof modified

in the specific area is then transmitted to the image displaying apparatus 1 10.

Fig. 48 is a diagram showing the internal configuration of the display controller 1 05 provided by the present embod-

iment- As shown in the figure; in the display controller 105, raw display data 2203 and position information 2350 are sup-

plied to the color-information controller 2400 corresponding to the special-area-display-attribute changing means 4500.

In the color-information controller 2400, display attributes, such as the contrast, can be adjusted. In addition, other dis-

play attributes, such as the brightness, the chromaticity. the y characteristic, and the RGB levels, can also be adjusted.

The CRT controller 2300 generates a horizontal synchronization signal HSYNC and a vertical synchronization sig-

nal VSYNC. In addition, the CRT controller 2300 supplies the position information 2350 for reading out data to be dis-

played to the display-memory interface controller 2200 and reads out raw display data 2203, data required in displaying

data, from the display memory unit 106.
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Fig. 49 is a diagram showing the internal configuration of the color-information controller 2400 employed in the

present embodiment. As shown in the figure, the color-information controller 2400 is provided with an area start-posi-

tion register, an area end-position register, and a color-information control register 2640. The area start-position register

and the area end-position register are used for setting the area-attribute information 251 for modifying a display attribute

5 of a specific area on the display screen.

So far, the image displaying system implemented by the present embodiment has been explained by showing only

the area start-position register 2610 and the area end-position register 2620 of the area 0. It should be noted that, for

each of a plurality of arbitrary areas 1 , 2, and 3, an area start-position register and an area end-position register can be
provided in the same way as for the area 0.

10 The area-attribute information 251 coming from the CPU 101 is set in the area-0 start-position register 2610, the
area-0 end-position register 2620, and the color-information control register 2640 by a data signal 2102 coming from
the CPU interface controller 2100.

A comparator 2630 compares the position information 2350 coming from the CRT controller 2300 with data 261

1

set in the area-0 start-position register 2610 and data 2621 set in the area-0 end-position register 2620, outputting a
15 control signal 2631 as a result of the comparison.

Fig. 50 shows timing charts of operations of the color-information controller 2400 employed in the present embod-
iment. As shown in the figure, in an operation of the color-information controller 2400, a multiplexer 2650 selects either

data 2641 set in the color-information control register 2640 or "0" in accordance with the value of the control signal

2631 , outputting the selected one as a control signal 2651

.

20 More specifically, only when the position information 2350 coming from the CRT controller 2300 is in the range of

the area 0, that is, only when the X-direction data of the position information 2350 coming from the CRT controller 2300
is equal to or greater than X0S and equal to or smaller than X0E and, at the same time, the Y-direction data of the posi-

tion information 2350 is equal to or greater than Y0S and equal to or smaller than Y0E, does the control signal 2631
drive the multiplexer 2650 to select the data 2641 set in the color-information control register 2640 as the control signal

25 2651 . Otherwise, the multiplexer 2650 selects "0".

Therefore, when area-0 control bits (CC00, CC01) of the color-information register 2640 are set at (0, 1), the control

signal 2651 is 01 B if the position information 2350 coming from the CRT controller 2300 is in the range of the area 0,

and 00B otherwise.

An amplifier 2540 determines whether or not to amplify analog signals 2531 to 2533 in dependence on the value

30 of the control signal 2651

.

If the position information 2350 coming from the CRT controller 2300 is in the range of the area 0, the control signal

2651 is 01 B as described above. In this case, the analog signals 2531 to 2533 are amplified by the amplifier 2540 at an
amplification factor of 2.

If, on the other hand, the position information 2350 coming from the CRT controller 2300 is not in the range of the

35 area 0, the control signal 2651 is 00B as described above. In this case, the analog signals 2531 to 2533 are not ampli-

fied by the amplifier 2540 but just passed on as analog display signals 2501 to 2503 as they are.

As described above, the contrast of any arbitrary area can be controlled by using the area-0 start-position register

2610, the area-0 end-position register 2620, and the color-information control register 2640. In addition, other display

attributes such as the brightness, the chromaticity, the y characteristic, and the RGB levels can be adjusted as well.

40 it should be noted that, in the image displaying system implemented by the present embodiment, display attributes

of a plurality of arbitrary areas 1 , 2, and 3 can also each be controlled by using an area start-position register, an area
end -position register, and the color-information control register 2640 in the same way as the area 0.

Fig. 51 is a diagram showing a preferred implementation of the image displaying apparatus 110 provided by the

present embodiment. As shown in the figure, the image displaying apparatus 1 10 inputs and then displays an image
45 signal with a display attribute thereof changed in a specific area on a display screen thereof. Since the image displaying

apparatus 110 merely displays an image signal with a display attribute thereof changed by the information processing

apparatus 100, it can be any apparatus as long as it is capable of displaying an image signal with a display attribute

thereof changed in a specific area on its display screen.

As described above, according to the image displaying system implemented by the present embodiment, a display

so attribute of a specific area on a display screen of the image displaying apparatus 1 10 is changed by the information

processing apparatus 100, and an image signal with a display attribute thereof changed in the specific area is then

transmitted by the information processing apparatus 100 to the image displaying apparatus 110. It is thus possible to

display an image signal with a display attribute thereof changed in a specific area on a display screen by using the

image displaying apparatus 110.

55

Fifth Embodiment

The following is a description of an image displaying system implemented by a fifth embodiment of the invention.
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In this fifth embodiment, after attribute data has been stored in a storage portion of a display memory unit for data to be

displayed in a specific area on a display screen of an image displaying apparatus, an information processing apparatus

reads out the data to be displayed along with its attribute data, and changes the display attribute of the specific area.

Then, the image displaying apparatus displays an image signal with a display attribute thereof changed in the specific

area.

Fig. 52 is a diagram showing the configuration of an image displaying system implemented by the present embod-

iment. As shown in the figure, the image displaying system comprises an information processing apparatus 100 pro-

vided with a display-memory unit 106 for storing data to be displayed and attribute data, an image displaying apparatus

1 10 for receiving an image signal which has a modified display attribute in a specific area to be displayed on a display

screen of the image displaying apparatus 110, and display-attribute changing means 5200 for changing a display

attribute of a specific area on a display screen of the image displaying apparatus 110 in accordance with the attribute

data. The image displaying apparatus 1 10 is connected to the information processing apparatus 100.

In the image displaying system implemented by the present embodiment, after a display controller 105 employed

in the information processing apparatus 100 reads out the data to be displayed and its attribute data from the display

memory unit 106 and the display-attribute changing means 5200 changes a display attribute for a specific area on the

display screen of the image displaying apparatus 1 10, the image signal is transmitted from the information processing

apparatus 100 to the image displaying apparatus 1 10 for displaying the image signal.

The CPU 101 employed in the image processing apparatus 100 controls the entire information processing appara-

tus 100. More specifically, the CPU 101 controls the information processing apparatus 100 as a whole by actually inter-

preting and executing an application program 200, an operating system 210, and a group of programs such as a USB
device driver 230 and an image displaying device driver 240, which are loaded into the main memory unit 102.

In addition, the information processing apparatus 100 also includes an HDD 103 for storing software such as the

application program 200, the operating system 210, a GUI program, an API program, the USB device driver 230, and

the image displaying device driver 240, The information processing apparatus 100 is also provided with a DVD 104 for

storing texts as well as display data of static and dynamic images to be displayed on the image displaying apparatus

110.

Further, the information processing apparatus 1 00 also has a display controller 1 05 and a display memory unit 1 06.

The display controller 105 controls a write operation for writing data to be displayed on the image displaying apparatus

1 10 into the display memory unit 106, and a read operation for reading out the data from the display memory unit 106

as an image signal to be transmitted to the image displaying apparatus 110. The display controller 105 has a plurality

of registers serving as a storage means in which area-attribute information 251 for changing a display attribute of a spe-

cific area on the display screen is set. The display controller 105 transmits to the image displaying apparatus 1 10 an

image signal with a display attribute thereof changed on the basis of the area-attribute information 251

.

Finally, the information processing apparatus 100 is also provided with a USB controller 107 for transmitting an

inquiry signal to the image displaying apparatus 1 10 and for receiving a report signal, in response to the inquiry signal,

from the image displaying apparatus 110.

On the other hand, the image displaying apparatus 1 10 comprises a CPU 1 1 1 and a ROM 112. The CPU 1 1 1 con-

trols the image displaying apparatus 1 10 as a whole by interpretation and execution of a control program stored in the

ROM 112. It should be noted that the control program itself is not shown in the figure.

The ROM 112 employed in the image displaying apparatus 110 stores information 260 on the image displaying

apparatus 110. Such information indicates whether the image displaying apparatus 110 has a capability of displaying

an image on a specific area of the display screen thereof by changing a display attribute of the specific area.

In addition, the image displaying apparatus 110 also employs a USB controller 1 1 5, which serves as a counterpart

of the USB controller 107 employed in the information processing apparatus 100. More specifically, the USB controller

115 receives the inquiry signal from the information processing apparatus 100 and transmits the report signal to the

information processing apparatus 100 in response to the inquiry signal. The inquiry signal is used for making an inquiry

into the ability of the image displaying apparatus 1 1 0 to display an image on a specific area of the display screen thereof

by changing a display attribute of the specific area in accordance with USB standards.

Fig. 53 is a diagram showing an outline of processing carried out by the image displaying system implemented by

the present embodiment. As shown in the figure, the image displaying system includes an image displaying device

driver 240 having an area judging means 3800 provided in the information processing apparatus 100, for determining

an area that is subject to a change of a display area; and the display-attribute changing means 5200 provided in the

information processing apparatus 100, for changing a display attribute of a specific area on the display screen of the

image displaying apparatus 110. The area judging means 3800 and the display-attribute changing means 5200 corre-

spond to the specific-area-display-attribute changing means 4500.

The application program 200 in the information processing apparatus 100 comprises a GUI, which includes a por-

tion that is visible to the operator who operates the information processing apparatus 1 00, and which serves as an inter-

face with the operating system 210.
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The operating system 210 in the information processing apparatus 100 is a basic program serving as the nucleus

of the image displaying system. More specifically, the operating system 210 connects the application program 200 with

program members directly controlling hardware, such as a USB device driver 230 and the image displaying device

driver 240.

5 The image displaying device driver 240 in the information processing apparatus 100 is positioned between the

operating system 210 and hardware members such as the device controller 105 and the display memory unit 106. More
specifically, the image displaying device driver 240 is a program which implements a draw instruction issued by the

operating system 210 by reading out and writing information from and into internal registers of the display controller 105

and the display memory unit 106. It should be noted that the internal registers themselves are not shown in the figure.

io The application program 200 in the information processing apparatus 100 is provided with an area-attribute-infor-

mation generating means 201 . When there is detected a need to change a display attribute of a specific area on the

display screen of the image displaying apparatus 110, area-attribute information 250 for changing the display attribute

of the specific area on the display screen of the image displaying apparatus 1 1 0 is generated in the application program
200 and passed to the operating system 210 by the area-attribute-information generating means 201

.

15 The operating system 21 0 in the information processing apparatus 100 comprises display-attribute-change control

means 21 1 , area-attribute-information generating means 212, and area-attribute-information acquiring means 213. The
display-attribute-change control means 211 controls the entire display-attribute-change processing of the information

processing apparatus 100 by making the inquiry about the ability of the image displaying apparatus 1 10 to display an
image on a specific area on the display screen thereof by changing a display attribute of the specific area, and by

20 receiving the response to the inquiry. The area-attribute-information generating means 212 generates area-attribute

information 251 in the operating system 210 when there is detected a need to change a display attribute of a specific

area on the display screen. The area-attribute-information acquiring means 213 acquires the area-attribute information

250 generated by the area-attribute-information generating means 201 of the application program 200.

In addition, the USB device driver 230 and the image displaying device driver 240 are included in the operating sys-

25 tern 210. The USB device driver 230 converts area-attribute information 251 and image-displaying-apparatus informa-

tion 260 into USB data packets and vice versa in accordance with USB standards, and exchanges image-displaying-

apparatus information 261 between the information processing apparatus 100 and the image displaying apparatus 110.

The image displaying device driver 240 stores data to be displayed in the display-memory unit 106.

The USB controller 1 07 is controlled by the USB device driver 230 so that the inquiry about the ability of the image
30 displaying apparatus 1 10 to display an image on a specific area on the display screen thereof by changing a display

attribute of the specific area is transmitted from the USB controller 107 to the image displaying apparatus 110, whereas
the report indicating such an ability and transmitted by the image displaying apparatus 1 10 as a response to such an
inquiry is also received by the USB controller 107.

The area judging means 3800 employed in the image displaying device driver 240 forms a judgment as to whether

35 display data stored in the display memory unit 1 06 is in a specific area, a display attribute of which is to be changed, on
a display screen of the image displaying apparatus 110 based on the area-attribute information 251 . If the display data

stored in the display memory unit 1 06 is in the specific area, the area judging means 3800 stores attribute data in a stor-

age portion at a specific address in the display memory unit 106 associated with the data to be displayed. The display-

attribute changing means 5200 employed in the display controller 105 reads out the data to be displayed and the

40 attribute data from the display memory unit 106 at the same time, and changes a display attribute.

It should be noted that, in the area-attribute information 250 and the image-displaying-apparatus information 260
of the image displaying system implemented by the present embodiment, information similar to that shown in Tables 1

to 4 can be used. In addition, as a communication means for exchanging the area-attribute information 250 and the

image-displaying-apparatus information 260 between the information processing apparatus 100 and the image display-

45 ing apparatus 1 10, a non-USB means such as a DDC means can be used, as is shown in the description of the first

embodiment.

Initialization processing carried out by the operating system 210 is the same as that of the fourth embodiment, and

the procedure carried out by the application program 200 to modify a display attribute is the same as that of the third

embodiment.

so First of all, in the case of an image displaying apparatus 1 1 0 capable of displaying an image signal with a modified

display attribute in a specific area on a display screen thereof, the display-attribute-change control means 211 of the

operating system 210 sets an attribute change flag to indicate that the image displaying apparatus 1 10 is so capable.

The display-attribute-change control means 211 of the operating system 210 receives -the contrast-increasing

instruction from the application program 200 by way of the area-attribute-information acquiring means 213. Receiving

55 the instruction, the area-attribute-information acquiring means 213 references the attribute change flag set at the initial-

ization and, if the image displaying apparatus 110 is capable of displaying an image signal with its display attribute

changed in a specific area on a display screen thereof, area-attribute information 251 is supplied to the image display-

ing device driver 240, making a request to increase the contrast of the specific area to the image displaying device
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said information processing apparatus (100) transmits, to said image displaying apparatus (1 10) through

said communication means (107, 1 15, 401 , 41 1 ) area-attribute information (252) for changing said display

attribute of said specific area on said display screen (114); and

said image displaying apparatus (1 10) changes said display attribute of said specific area on said display

5 screen by using said specific-area-display-attribute changing means (1 13) in accordance with said area-

attribute information received from said information processing apparatus through said communication

means (107, 115, 407, 411).

5. An image displaying system (100, 110), comprising:

10

an image displaying apparatus (1 10), including a display screen (114) on which display data is displayed;

an information processing apparatus (100) having a display memory (106) for storing display data to be dis-

played on said image displaying apparatus (1 10); and display control means (105) for reading out display data

from said display memory (106), generating an image signal representing said display data, and transmitting

is said image signal to said image displaying apparatus; and

storage means for storing area-attribute information (252) for changing a display attribute of a specific area on

said display screen of said image displaying apparatus.

6. The system of claim 5, wherein said display control means or said display memory accommodates said storage

20 means accommodated.

7. An information processing apparatus (100), comprising:

display control means (105) for generating an image signal and transmitting said image signal to an image dis-

25 playing apparatus; and

communication means (105. 407) for sending said image displaying apparatus an inquiry signal for making an

inquiry into whether said image displaying apparatus has the capability of displaying said image signal on a

specific area of a display screen thereof by modifying a display attribute of said specific area and for receiving,

from said image displaying apparatus, a report signal that indicates that said image displaying apparatus has

30 the capability of displaying said image signal on a specific area of a display screen thereof by modifying a dis-

play attribute of said specific area.

8. An information processing apparatus (100), comprising:

35 display control means (105) for generating an image signal and transmitting said image signal to an image dis-

playing apparatus; and

communication means (107, 401) for communicating with said image displaying apparatus;

wherein said communication means (107, 401) transmits, to said image displaying apparatus, area-

attribute information (252) for changing a display attribute of a specific area on a display screen of said image

40 displaying apparatus.

9. An information processing apparatus (100), comprising:

a display memory (106) for storing display data to be displayed on an image displaying apparatus;

45 display control means (1 05) for reading out display data from said display memory, generating an image signal

representing said display data, and transmitting said image signal to said image displaying apparatus; and

storage means for storing area-attribute information for changing a display attribute of a specific area on a dis-

play screen of said image displaying apparatus.

so 10. The system or apparatus of any one of claims 1, 2, 4, 5, 8 and 9, wherein said display attribute is selected from the

group consisting of contrast, brightness, average brightness level, chromaticity, y characteristic, and RGB level.

11. The apparatus of claim 9, wherein said image signal generated and transmitted by said "display control means

includes an attribute control signal which is generated on the basis of said area-attribute information and used for

55 changing said display attribute.

12. The apparatus of claim 9 or 1 1 , further comprising communication means for sending said image displaying appa-

ratus an inquiry signal for making an inquiry into whether said image displaying apparatus has the capability of dis-

42
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playing an image based on said image signal on said specific area of said display screen.

1 3. The apparatus of claim 1 2, wherein said communication means receives a report signal from said image displaying

apparatus, said report signal indicating that said image displaying apparatus has the capability of displaying an
5 image based on said image signal on said specific area of said display screen by modifying said display attribute

of said specific area.

14. The apparatus of claim 9, wherein said image signal generated and transmitted by said display control means
includes said display attribute which has been changed on the basis of said area-attribute information.

10

1 5. The apparatus of claim 9, further comprising communication means for receiving a report signal from said image
displaying apparatus, said report signal indicating that said image displaying apparatus has the capability of dis-

playing an image based on said image signal on said specific area of said display screen by modifying said display

attribute of said specific area.

75

16. The apparatus of claim 15, wherein said communication means sends said image displaying apparatus an inquiry

signal for making an inquiry into whether said image displaying apparatus has the capability of displaying said

image signal on said specific area of said display screen.

20
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